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ABSTRACT 
The Murrumbucka region is an 11 x 28 km. tract of gneisses and 
foliated granites extending from the A.C.T. border southwards, to within 
13 km. of Cooma township, N.S.W. It contains the interface between the 
high-grade Upper Ordovician quartz-rich meta flysch of the Cooma Metamorphic 
complex (in the south) and the southeastern extension of the Siluro-Devonian 
Murrumbidgee Batholith (in the north). 
roof-zone over the latter. 
The former unit forms a convolute 
Peak metamorphic conditions in the metaflysch were probably near 
6850C and 3.75 kb. Observed metamorphism (with localized generation of 
Cooma Suite granite), could have been the response to the intrusion, solid-
ification and slow cooling of the ~lurrumbidgee Batholith granites. 
The pattern of secondary foliation orientations suggests the region 
has a domal structure with a nearly horizontal, meridianal axis. The 
structure is thought to have formed in two stages: 
(a) development of the Murrumbidgee Reverse Fault on the region's 
eastern side, in response to intrusion of the Clear Range Pluton, followed by 
(b) development of conjugate structures westwards of the above fault, 
associated with intrusion of the Murrumbucka Pluton. 
The latter hornblende-bearing granite cannot be simply classified 
as being either S- or I-type, since it has numerous geologic, petrologic, 
mineralogic, chemical and isotopic features of both granite types. Two 
petrogenetic models are presented for the Murrumbuc ka Tonalite: 
(a) partial melting of a source sedimentary sequence containing a 
significant mafic volcanic component, providing both components contained 
low to very low contents of Na 20 and 
(b) remelting of the residue left after the partial melting event 
which generated the Clear Range Tonalite magma. 
A Rb-Sr isotopic study should be capable of distinguishing between 
these models since it could resolve both the existence of a significant 
mantle-derived mafic volcanic component in the source of the Murrumbucka 
Tonalite (model (a)) and whether or not it is consanguineous with the Clear 
Range Tonalite (model (b)). 
1. 
CHAPTER 1 
N T ROD U C T ION 
1.1 Geographic Location 
The Clear Range south of Mt. Clear (lat . 350 52.7'S., longd . 1490 
03.8'E.) is a meridionally elongate and elevat ed tract of varied granitic and 
metamorphic rocks, covering an area of 310 km2. These extend southwards to 
within 13 km. of Cooma township, N.S.W. This region will be referred to 
henceforth as the Murrumbucka region, or the map-area . 
1.2 Physiography 
"It is to be observed that two strikingly different types of 
topography are presented within the area" - Brown (1914f p 214. 
The quoted physiographic dichotomy is no overstatement. Eastwards 
from a meridian just west of the Murrumbidgee River, extends the gently 
undulating Bredbo Valley. To the west and incorporating most of the 
Murrumbucka region, is the rugged topography of the Clear Range. The line 
corresponds closely to the position of the Murrumbidgee Fault, juxtaposing 
granites to the west and volcaniclastics to the east. Ma ximum relief of 
993m is between Mt Clear and the 3.2 km . distant Murrumbidgee River at 
Colinton Gorge. 
Within the Bredbo Valley, and between Bredbo and Cooma, occur up to 
50m of very fine-grained kaolinitic and montmorillonitic early Tertiary 
(Pillans, 1977) to Miocene (Dr G. Taylor, per s . comm.) aged lacustrine sedi-
ments. They contain true coal (10m), travertine and diatomite horizons, the 
last two of which have been intermittently mined since 1880 (Browne, 1914). 
It has been suggested that these sediments were deposited into a large lake, 
west bounded by the Clear Range (Dr G. Taylor, pers . comm.). The envisaged 
palaeophysiography is quite analogous to the present physiography of the 
Lake George region, N.S.W. Browne (1914) considered that Cooma regional 
drainage gave indications of drastic recent changes. He proposed that a 
southerly direction was then prominent. A similar proposal has been made 
for the adjacent Berridale regional drainage by White et . al . (1977), who 
suggests that the upper Murrumbidgee River may not have flowed eastwards 
towards the Cooma region, but continued southwards towards the present 
catchment of the lower Snowy River. K-Ar total rock ages of 42 ± 9 my. for 
Monaro alkali basalts near Cooma (Wellman and McDougall, 1974) indicate that 
flow-basalt eruption may have provided the mechanism for the proposed flow 
direction changes and damming of the Bredbo Valley. 
2. 
Further evidence for such a lake comes from within the map-area. 
Extensive but disected terraced topography occurs at an altitude of about 
100m. above the present day river level (eg. GR9051401. to GR905245) along 
the Clear Range scarp. This may present an old shore-level peneplain. 
Farther south (GR899109) at the same altitude,within a topographic feature 
known locally as Murrumbucka Gap, is a perched alluvial fan consisting of 
unconsolidated, mostly flat-lying but local ly ripple-marked, coarse to 
very coarse-grained sediments composed of up to millimeter-sized biotite 
flakes, plagioclase and quartz grains with grain aggregates and occasional 
horizons of waterworn quartz and Murrumbuc ka tonalite pebbles up to 8cm 
long. Such coarse yet flat lying sediment is considered by Dr G. Taylor 
(pers. comm. ) to be lacustrine in origin. Since 
(a) a watershed above this wedge is itself only 20m. above the 
adjacent Murrumbucka Creek's present altitude, 
(b) the closest source region for Murrumbucka tonalite is on 
the western side of this watershed, and 
(c) cross-bedding indicates a west to east flow direction 
then this wedge could have been produced by Murrumbuc ka Creek, flowing 
eastwards through Murrumbucka Gap and discharging its sediment into a 
lake, occupying the present position of the Bredbo Valley. 
An extremely prominent lineament direction characterizes Clear 
Range physiography. NNW- SS E delineati ng the mean strike direction of ° 
nearly all l ithological contacts and structural surfaces. Though certain 
physiographic features trace faults, many appear to be due to differential 
erosion of sub-para ollel zones of different mineralogies and/or degrees of 
foliation development. Transverse lineaments where traced by creeks, 
may delineate wrench faults (eg. GR900150). 
Fault breccia occurring on both the Murrumbudgee and Clear fault 
lines may be due to movement during the Cainozoic Kosciusko uplift (White 
et al .~ 197/) so possibly contributed to the physiographic contrast. 
1.3 Acces s 
Major access is from the sealed Canberra to Cooma road which lies 
on the eastern side of the (often flooded) Murrumbidgee River. The 
1. Grid r ef erences (GR's) r efer both to Map 1 (back of this thesis) and 
the eooma and Michelago 1:100,000 topographic sheets, numbers 8725 
and 8726 respectively. 
3. 
Cooma to Shannons Flat road (unsealed west of the rivers Gang Gang Bridge) 
ensures all-weather access, whilst the unsealed Bredbo to Shannons Flat road 
is often cut at the Riversdale causway (GR926109). Two 4-wheel drive 
fire-trails traverse the Clear Range, from the unsealed, weather dependent 
Shannons Flat to Gudgenby road, west of the map-area. Connexion with the 
. Canberra to Cooma road is dependent upon the river height at minor 
causways (GR909215, GR927294) or fordings (GR91819, GR927288). Very 
poorly defined stock-tracks exist thro~gh private properties connecting 
other roads. 
1.4 Tectonic Setting 
The Murrumbucka region occupies a mid-easterly position in the 700 
km. wide Lachlan Fold Belt (Packham, 1960) which is the southeast Australian 
portion of the Tasman Orogen (op . cit .). Within the belt, the 
Murrumbucka region encompasses the southern end of the Clear Range pluton 
(Snelling, 1960), one of the two major plutons of the horse-shoe shaped, 
Siluro-Devonian Murrumbidgee Batholith (Browne, 1943) which intrudes 
(Browne, 1914) low to high grade metamorphosed Upper Ordovician (Browne, 
1931; Adamson, 1955) psammopelitic flysch. 
1.5 Previous Work 
The first significant geological reference to the district was 
made by David (1908). He recognised both lithological and metamorphic 
similarities between the gneisses at Cooma and those at Mitta Mitta. 
Extensive geological mapping of the Murrumbucka region, undertaken first 
by Browne (1914) as part of a Cooma district study, was continued (1943) 
and supplemented by Joplin (1939, 1942, 1943). On this basis, more 
specialized studies relevant to the present work were undertaken by the 
following: 
A. Geological and Geochemical studies: 
Snelling (1960) who mapped and chemically identified the 
Murrumbidgee Batholiths' major units, 
Joyce (1970, 1973a, 1973b, 1973c) who chemically characterized 
most units in that Batholith, 
Hopwood (1976) who structurally mapped Ordovician metasediments 
in the vicinity of the Cooma Granite, 
Chappell & White (1976) and Chappell (pers . comm.) who analysed 
granites and other rocks from Cooma, 
4.a 
TABLE 1.1 
I vs S DISCRIMINANTS AND FEATURES OF THE MURRUMBUCKA TONALITE 
I-TYPE I MURRU~1BUCKA TONALITE I S-TYPE 
FIELD RELATIONSHIPS 
1 Commonly younger than 
associated S-types. 
2 Very rarely associated with a 
regional metamorphic aureole. 
3 Amphibole-bearing xenoliths 
common. 
4 Sedimentary xeno liths very rare, 
confined usually to pluton marg ins. 
5 Massive or with primary 
foliation. 
PETROGRAPHIC FEATURES 
6 Hornblende common in mafic types 
but may be absent from very 
felsic types . 
7 No primary muscovite . 
8 Biotite ";;' 15 modal %. 
9 Sphene or allanite are common 
accessories. 
10 Accessory monazite uncommon. 
11 No aluminosilicates, garnet or 
cordiorite. 
12 Apatite only as inclusions. 
13 Magnetite and ilmenite as oxide 
phases. 
CHI:.MISTRY 
14 Suites have broad composition 
ranges mafic to fel sic. 
15 High degree of linear inter-elemen 
correlation on variation diagrams. 
16 Na20 always > 1.8 %, may be >3.5%. 
17 Sr usually > 2UOppm. 
18 Mo 1 ( A 1203 ] < 1. 1 
Na 20+K2U+CaO 
19 C.I.P.W . normative diopside or 
< 1 % norma t i ve corundum. 
20 [B7sr] 0.704 - 0.706, good 
86Sr isochrons. 
o 
22 oDoften < -690 /00. 
I 
S 
I 
S 
S 
I I 
I 
S 
I,S 
S 
S 
S 
S 
S 
? 
? 
May be intruded by I-types 
May be associated with a 
regional metamorphic aureole. 
Very rare amphibole-bearing 
xeno Ii ths. 
Often abundant recrystallized 
sedimentary xenoliths, 
throughout. 
Often strong secondary 
foliation. 
No hornblende . 
Muscovite common in felsic types. 
Up t o - 30% biotite in mafic 
variety. 
No sphene, uncommon al l anite . 
Accessory monazite common. 
Aluminosilicates, garnet or 
cordierite present in xenolith-
rich varieties. 
Apatite as discrete, often 
relatively large crystals. 
Magnetite rare, ilmenite the 
common oxide phase. 
Suites have restricted composition 
ranges. 
Variation diagrams more scattered . 
Na20 always < 3.3%, may be < 1.8%. 
Sr usually < 200ppm. 
Mol ( A1203 ]> 1.1 
Na 20+K2U+CaO 
~1% normative corundu~ . 
[
87sr ) >0 .708, often poor isochrons. 
86Sr 0 
(0.7108 ± .00U2 for t = 41Umy) 
o 180 > 9.90 /00. 
o D > -690 /00. 
4. 
Richardson (1979) who mapped the 1:100,000 Michelago sheet 
(No 8726). 
B. Isotopic Studies 
Evernden & Richards (1962) who produced the first radiometric 
(biotite) ages for the Murrumbidgee Batholith and Cooma Granite, 
Pidgeon & Compston (1965), Roddick & Compston (1976, 1977) and 
Tetley (1978, 1979) who undertook various radiometric dating and isotope 
geochemical studies of the Cooma Granite, its metamorphic aureole and 
Murrumbidgee Batholith granites, 
O'Neil & Chappell (pers . comm.) who produced the first oxygen 
and hydrogen isotopic data for the Cooma Granite. 
1.6 Present Work 
The chemical, isotopic, textural and field geological discrimin-
ants (Table 1.1) proposed to distinguish two fundamentally different granite 
types (Chappell & White, 1974, 1976; Hine et al. J 1978) is capable of class-
ifying most eastern Australian granites as either S- or I-type. The former is 
proposed to be produced by ultrametamorphism of sediments, whilst the latter 
type's source is proposed never to have undergone a weathering and deposit-
ional cycle and comes ultimately from the mantle. Though the link between 
S-type granite and source, as described by the I-S discriminants has been 
clearly demonstrated (op . cit' J Fagan, 1979, this work) as yet, that for 
I - types ha s not. 
Though the distinction between types is less clear for very 
felsic granites (see Table 1.1), discrimination is still usually possible. 
A certain group of granites however, defy simple classification and have 
been termed IS-types. The Murrumbucka Tonalite (Snelling, 1960) of the 
Murrumbidgee Batholith is the best example of this granite-type. Its 
"discriminatory" characteristics are given in Table 1.1. 
The present study aims firstly to present a geological map and 
tectono-metamorphic history of the Murrumbucka region, then to chemically 
characterize the Murrumbucka Tonalite and other granites so as to finally 
develop genetic models for the region's granites. 
5. 
CHAPTER 2 
G E 0 LOG Y 
2.1 General Geological Description 
Individual lithologies of the Murrumbucka region consist typically 
of a profusion of submeridionally elongate, generally steeply dipping 
gneiss and foliated granite bodies. Lithological units have been divided 
into six groups. These are: 
1. Ordovician flysch metasediments 
2. Siluro-Devonian Murrumbidgee Batholith Granites 
3. Siluro-Devonian amphibolite dykes 
4. Late Silurian volcaniclastics 
5. Cainozoic alkali basalt 
6. Probable Cainozoic perched lacustrine sediments. 
2.2 Detailed Geology and Petrography 
2.2.1 Group 1: Ordovician Metaflysch 
2.2.1.1 Location 
Along the western edge of the map-area are low pressure greenschist 
facies regionally metamorphosed, polydeformed, quartz-rich greywackes with 
minor shaley components (e.g. GR850093, GR866059). These metasediments 
are probable correlates of the Eastonian to early Bolindian (Fairbridge, 
1953) Adaminaby beds (Adamson, 1955). They form a $ 10 km . wide and 60 km. 
long northward, narrowing zone between the Shannons Flat Adamellite and the 
Clear Range Granodiorite (Legge, 1937). The latter granite's western margin 
is separated from these low-grade rocks by a narrow zone of higher grade 
metasediment. The distance from the contact to the andalusite isograd is 
about 0.4 km. in the north (GR830285) and widens to about 2 km . in the south 
(GR860050). 
High grade Ordovician metasediments extend northwards from the 
Cooma complex (Browne, 1914; Joplin, 1942; 1943; Hopwood, 1976; Granath, 
1978) and enter the southwest of the map-area as a narrow ( ~ 0.2 km.) zone 
adjacent to the Clear Range Tonalite. This phase also occurs in an eastern 
zone occupying some 5% of the map-area and cropping out as a profusion of 
elongate sheets of coarsely crystalline gneiss surrounded by Group-2 granites. 
6. 
So~e of these bodies, including the map-area's most northerly exposure 
(GR892271) were recognised during early regional reconnaissance by Browne 
(1943). These bodies increase in abundance both southwards and vertically. 
The altitude effect is certainly the strongest, as shown on the E - W 
sections AA' through Murrumbucka Gap and BB' through the hill to its north 
(see Map I), showing that this lithological group forms a convolute roof 
zone over the granites of Group-2. Detailed description will take each 
metamorphic phase separately. 
2.2.1.2 Low Grade Phase 
2.2.1.2.1 Definition 
This phase has been arbitrarily defined as that whose pelitic 
components do not contain the cordierite + K- feldspar assemblage that is, 
are below the cordierite + K-feldspar isograd. 
2.2.1.2.2 Description 
Most varieties of this phase have a relict clastic texture. 
Psammopelites typically contain elongate (~ O.3mm x O.2mm), sub-grained and 
undulose extincting quartz-patches and occasional similar sized plagioclase 
grains which are selvaged by finer grained (~O.lmm long) aggregates of brown 
biotite and lesser muscovite (e.g.: TS 83) . 
Closer t~ the Clear Range Pluton the metamorphic grade rises. 
At the andalusite isograd, pelitic sediment components contain subhedral 
andalusite porphyroblasts ( ~ O. 8mm long) which occur first in localized quartz 
poor domains, intimately associated with biotite and minor larger (s 1mm diam.) 
. flakes of muscovite and abundant opaques. Clastic textures are less apparent 
as grain size increases, yet sedimentary structures may still be preserved 
because of localized bulk chemical contrasts. Thus millimeter-wide biotite 
+ andalusite bands can highlight ripple cross-bedding (TS 84, GR853096) or 
probable mud slices in psammopelite (TS 85, GR852098). 
2.2.1.3 High Grade Phase 
2.2.1.3.1 Definition 
Pelitic rocks in this phase contain cordierite and porphyro-
blastic K-feldspar. On compositional and textural grounds, this phase has 
been divided into gneissic and granitic variants which have approximately 
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equal areas of exposure. The latter variant has been named the Gap 
Granodiorite after Gap Creek which flows over this rock type in the north 
of the map-area (GR891271). The name refers collectively to all Group-1 
granite within the map-area and serves to distinguish it from the spatially 
discrete Cooma Granodiorite of the same suite. 
2.2.1.3.2 Gneiss: Description 
Usually highly foliated, this rock has a wide range of bulk 
compositions. Strong compositional zoning is common in felsic varieties 
(e.g. at GR867998, GR910151) and have been described from the Cooma area as 
"banded Gneiss" (Joplin, 1943; Hopwood, 1976). Mafic varieties (e.g. at 
GR867059, GR917105) were termed "mottled gneiss" (op . cit .). Such varieties 
no doubt represent respectively, psammitic and pelitic extrema of the original 
sequence, however bulk composition and consequent mineralogy are al most the 
only testimony to original lithology. 
Pelites commonly consist of biotite + cordierite + K-feldspar + 
andalusite ± fibrolitic sillimanite ± prismatic sillimanite + quartz ± 
plagioclase ± schorl assemblages (e.g. TS 32, 86). Fibrolitic sillimanite 
is typically "disharmonious" in the sense of Vernon & Flood (1977). It 
occurs as grain boundary-parallel fibre-festoons when between grains, whilst 
within grains, its orientation tends to be crystallographically controlled 
by the host mineral, for example as parallel fibres within K-feldspar 
porphyroblasts (Figs: 2.1, 2.2). Fibrolitic sillimanite may grow epitax-
ially from the ends of sillimanite prisms but the 2-sillimanite association 
is considerably less extensive than that of fibrolitic sillimanite with 
other phases, notably K-feldspar and biotite (see Figs. 2.1, 2.2). Wh en 
against K-feldspar, prismatic sillimanite is corroded whilst quartz-rich 
myrmekitic intergrowths embay the K-feldspar (TS 86). Red-brown biotite 
is the included phase within prismatic sillimanite (TS 87) . K-feldspar 
typically has perthitic cores but can have clear rims. Alteration consists 
of marginal replacement by fibrous sillimanite, myrmekite, muscovite or quartz 
+ muscovitic + andalusite grain aggregates. Red-brown biotite is often 
corroded. It is the common replacement site for either fibrolitic 
sillimanite or andalusite, or gives way to intergrowths of fawn biotite plus 
muscovite (TS 87) . 
Close to Group-2 granites, however~ cordierite + andalusite + 
biotite + chlorite + plagioclase + quartz + (minor) fibrolitic sillimanite, 
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Figure 2. I Deformed, fibrolitic sillimanite-pervaded K-feldspars 
in pelite (from sample No . 92, nicols crossed, scale-bar: O. 5mm) , 
showing a fle xed K-feldspar porphyroblast (exhibiting undulose 
extinction) which is both surrounded and pervaded by fibrolitic 
sillimanite . Pervasion is crystalloqraphically controlled by the 
host mineral; sheathing fibre-mats (which may emanate from andalusite 
aggregates, e.g.: near lower edge of photomicrograph), can have 
nucleii of small crystals of the prismatic variety (note latter's 
2nd. order blue interferance colour). 
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Figure 2.2 Prismatic sillimanite and quartz + biotite inclusioned-
K-feldspar porphyroblasts in pelite (from sample No 92, crossed nicols, 
scale bar: Imm). Sillimanite occurs in fibre-form within ovoid 
K-feldspars, as fibre~mats sheathing K-feldspar (and amongst biotite) 
and as scattered larger prisms (note latter's 2nd. order blue interference 
colour). 
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Figure 2.3 AndaLusite + chLorite + biotite + cordierite-containing, 
K-feLdspar + muscovite-absent pelite (from sample No 80; a: parallel 
nicols, b: crossed nicols, scale bar: 2mm) Chlorite in part pseudo-
morph~ brown biotite and often occurs with andalusite aggregates (see 
middle lower edge of photomicrograph). Cordierite contains inclusions 
of unaltered biotite. 
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X-felds par and muscovitic absent assemblaged "pelites" are found, containing 
only 2% K20 (Fig. 2.3a, b; Analysis No 80, Table 5.1). 
Psammope l i t es often come magmatitic (e.g . at GR893093 with ~ 5mm 
wide sinuous mafic and felsic bands which are interpreted not as "'lit-par-
lit' injection zones" (Joplin, 1942) as in the sense of Michel-Levy (1887, in 
Hsu, 1955: p 273), but as plastically deformed partial melt: an ultrameta-
morphic process in the sense of Holmquist (1916). Melanosomes are biotite 
+ anda lusite + cordierite containing assemblages. Leucosomes are 
microcline-ri ch + quar tz + plagioclase (~An30)~ myrmekite-rich assemblages . 
Quartz frequently contains two-phase fluid inclusions ~O.Olmm long, clustered 
so as to define healed later-stage fractures which pass undeflected across 
grain and subgrain boundaries. Cordierites are invariably altered, as was 
noted by Vernon (1978, 1979) in similar rocks from the Cooma region. Often, 
a centrally located remnant of unaltered cordierite is surrounded by super-
imposing fawn-to straw-coloured biotite, itself often cut by smaller flakes 
of muscovite. Usually andalusite occurs within the cordierite pseudomorphs, 
either as one or more subhedral crystals, as grain aggregates or as quartz-
andalusite symplectic intergrowths. Biotite outside cordierite is the 
distinctive red-brown variety found in the pelites and unaltered gap granite 
(be low). It is very often intergrown with andalusite or less commonly with 
fibrolitic sillimanite . Psammites, due to their extreme bulk-composition, 
have relatively simple mineralogies of quartz + microcline + muscovi t e + 
plagioc lase ± rare biotite . 
Rare calc-silicate assemblages are known to occur in this lithol-
ogical group. TS 88 consists of ovoid, ~3mm diam. clots with wollastonite + 
quartz -rich, calcite -containing cores grading to diopside + plagioclase + 
sphene -containing matrix. Garnet is present as a colourless, dendritic, 
inter-granular filling within the calcium-rich clots. The original sediment 
was probably a marl. 
2.2.1.3 .3 Gap Granodiorite 
2.2.1.3 . 3.1 Description 
Intimately associated with the gneisses, often as small, somewhat 
elongate pods (see Fig. 2.4) or as selvages between gneiss and group-2 
granites, occurs poor to moderately foliated granite. In outcrop, this 
litho l ogical phase often appears as rough ly spheroidal tors with a distinct i ve 
pitted surface. Freshest surfaces are spotted with greenish altered cordierites. 
12.a 
Figure 2.4a Pod of Gap Granodiorite (tor: 4m diam.) surrounded by 
Group-l gneiss. Granite has a random fabric whereas gneisses are 
strongly foliated. 
Figure 2.4b Detail of an amphibolite - Clear Range Tonalite contact 
(GR907156) (hand-lens glass ~lcm diam.). Seams rich in plagioclase 
crystals (interpreted as modified tonalite: see sample No 33) separate 
zones of peripherally modified amphibote. This texture is interpreted 
as being of synplutonic origin. 
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Figure 2.5 Partially pseudomorp ed cordierites in Gap Granodiorite 
(from sample No 16, parallel nicols, scale-bar: 2mm). Rhomboid 
pseudomorphs contain ,secondary biotite with paler colours (y = fawn) 
than those of primary biotite (y = dark red-brown; see similarly 
oriented flakes of the two biotites, each with a~11 to scale-bar, near 
centre of photomicrograph). Other cordierite-pseudomorphing phases 
are andalusite and quartz, which often form symplectic intergrowths 
(e.g.: near scale-bar). Later muscovite 'cross-cuts secondary 
biotite. Note yellow pleochroic haloes about zircon inclusions in 
remnant cordierite. 
14. 
Figure 2.6 Perthitic K-feldspar in Gap Granodiorite (from sample No 
16; a: nicols uncrossed, b: crossed; scale-bar: 2mm). K-feldspar 
is separated from red-brown primary biotite either by secondary 
muscovite or a secondary muscovite + quartz symplectic intergrowth. 
The perthitic, inclusion-rich core of this K-feldspar is probably 
~enocrystic since its morphology closely resembles that of porphyroblasts 
In neighbouring gneisses. The non-perthitic rim is likely to have 
crystallized from the magma's melt-component. 
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2.2.1 .3.3.2 Xenoliths 
All xenoliths are S-type in character, ranging from strongly 
foliated biotite-cordierite rich mafic varieties to less clearly foliated 
felsic varieties, representing pelitic and psammitic metasedimentary source-
components, respectively. Many unit exposures are a mass of angular to 
sub-rounded randomly oriented xenoliths within a matrix which represents 
40% of the rock (e.g. at GR890272). Staining of xenoliths within host 
granite clearly shows a high abundance of K-feldspar within mafic xenolith 
leucosomes and in the granite matrix within a few centimetres of the 
xenolith. Composite mafic S-type xenoliths are not uncommon. 
2.2 . 1.3.3.3 Variations 
Apart from variations in xenolith content described above, local 
shearing (e.g. at GR900109) may produce a highly foliated rock which is only 
distinguishable from the gneisses by its greater textural uniformity. Some 
rocks mapped as gneisses may be sheared granite, though shear zones represent 
only a minor portion of the map-area. 
Modal analyses show that Gap Granites are all extremely quartz-
rich with their data (Appendix F) plotting outside the most frequently 
populated subfields of the quartz - K-feldspar - plagioclase diagram (as used 
in Hine et al .~ 1978, slightly modified from that of Streckeisen, 1973) (see 
Fig. 3.5). An analysis of Cooma Granodiorite (Chappell & White, 1976) plots 
in a similar position. When the K-feldspar to plagioclase divisions are 
extended to higher quartz fractions, these granites are found to range 
individually from adamellite to tonalite. The latter category refers only 
to K-feldspar-absent but muscovite-rich altered specimen within 2 metres of 
Group-2 granite contacts. The Gap Granodiorite is petrographically similar 
to the gneisses, especially the psammopelitic varieties. Its petrographic 
features are summarized in Table 2.1 and displayed in Figures 2.5 and 2.6(a) 
and (b). 
2.2.2 Group-2: Siluro-Devonian, Murrumbidgee Batholith Granites 
2.2 .2.1 Location and General Description 
Group-2 rocks have been divided into three units, having a general 
west to east distribution. Clear Range Tonalite with its western intrusive 
contact against Ordovician flysch, surrounds a central belt of hornblende-
bearing Murrumbucka Tonal ite. 500 Acre Granodiorite (the "White gneiss" 
of Browne, 1914, 1943; Joplin, 1942, 1943; Hopwood, 1976), occurs on the 
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Table 2. 1 Petrographic features of granites from 
the Murrumbucka region . 
PHASE UNR[ CRYS T AlllHO VARIANT 
Patcnes '" Jnm II IOrnn 
Co re s elongate. 
rTbbOn·subg ra l ned. 
undulo .. e extlnctinq 
remnants . 
Ri,.,s : mosa ic of SN II 
N.lrnn) equant. 
unstralned grains. 
R[CRYSTALlIl[O 
VAWIANI 
Pa tctles ... JrlT1 x 12rrm 
Cores: as for 
unrecry')to1lI lzed 
varhnt. 
RlIn') <: 0.4m diall1. 
eQ'uan t uns tro1 ined 
grain ... 
Deep red·brown colou". H1d-brown colour. 
rleted. slottedll ~Of"C lI meS llnked . 
(001), torn. surroun· rarely fle,cd, o t her· 
ded by small «O.lflYTl) ' wise unde fomed . 
new f1"les plus tiny contains sphene 
(O .OJrnn) Ilmenites. blpinacolds. 
(lften grade .. t o a 
green-coloured 
vari ety on flake 
fringes . 
'" JITI'I'I II: )·1IfTI grain rrefluently dbsent or 
aggregdles, aSSOClated
l
' as t iny gra in<;. 
with myremkite . «O.SnTIl ) or na rrow 
fra c ture fl II ings In 
qUdrll or plo1g 
a ) after blotl te, 
where Iii tter is 
indented by p1"g. 
rhombs. 
b) s"",11 f1"ke s 
«O.lm1 long) 
rutting biotite. 
Small (<"0.2"," d!am. ) 
crystals in biotite 
corroded agai nst 
quartz, p1ag . 
As for uncrystll l-
I i zed vll r!ant but 
Dlt.ter. we ll fonroed 
crjs tllls . 
Larger (<.: O.Bmn diall'l.) 
well formed crystals 
In Mot Ite corroded 
against qua rt z, p1"g. 
Tiny (<"0.11'Tl1 dlam~ Cort's t o epidotes 
cores t.o ep ldo tes . «0.)"1'11 dldfTl.) or 
occasional la r ge 
grains 0:.; 3nr diam. 
Grains ("'0.3mn d!a," ,) Well fo med gra ins 
usually In or near ('0 .. long) ne,.t 
biotite . t o biotite. 
~hlbole Rare weakly 
pleoch roic actinolite 
In the most ma fi c 
samples, pr obably 
a lso r epresented by 
bictitl' • qlolOl'ta + 
cltnozci"i t , 
p .. eudomorphs 
(xenol Ith type (fJ, 
section 2.2.2.1.2). 
Cordlerite none 
none 
none 
none 
(OUNTRY ROCK 
(0IITA(1 VARIANT 
Patches'" 2"-,,, • 
Cores as for 
unro:oc.rystall ized 
variant. 
Wi"",) < 0.2M!1 dian. 
equant unstra ined 
gr",ns 
Red-brown t o da rk 
choco I" te ~rown 
colour. Fle ,ed. 
slotted, corroded , 
su rrounded by small 
new fla"es and tiny 
IIlT'Cntles. 
I1URRUHSUCKA TONALITE SOO ACRr GRA NOOIORIH GAP GRMlOD IORITE 
Pd tches <: 12 x 6nll. 
Qralns .... O.Snrn didm. 
C" mode r a te undu l ose 
extinction elongate 
subg ralM. 
----- .-
Rlbbons ,,20 , 5n-rn IrreguTar plltches 
of polygonal grains "' 8ImI,dlam. of sfl'lllil 
'" 11'Y'l dla m. wea~ grains <O .5nrn dlam., 
undulo')e eJtlnction, strong subgrain 
elongate svbgralns. development, nlghly 
convolute graln-
boundldes . 
Mid.brown colour. Very dark brown colour Ueep red-brown colour, 
flares ";? x 111m aggregate s ~ 8111"1 x IITTTI flal.:es <:)111TI 10"9. 
undefonncd. occurs f1a~es <'1.8 J. . 3nrn. fle xed. corroded 
espec!,,!1)' around Ifrost l y unstralned. against Quarlz , changed 
hornble nde . contaIns I Cut by wel1·formed to lTIuscovite. especially 
1 cJl1anlle cored muse .• con titl f'1S beside K-feldspar- and 
epidote , apatite. allanite-cored epidote cordie rite. but not 
I 
zircon. no ilmenite and <' 0.1 """ lonq against plag . No 
L'mcnHc gr . associated ilmenite. _ _ ---------1 
Usua l ly ilbsent, S 11 <' 1nm dlam. J Hlcroc lInc rCfI1flt!lnU Perthill, equant grains 
r cpleSel'd by "99regalcs. hNV! l y <:5 It lrnn d(,(,ply C.2/1lT1 dlam . • numerous 
muscovi te . corroded by myrmck- cl!lbaycd by myrmcHte. biotite and qua rtz 
Ite. always within su rrounded by sma ll Inclusions. fl\argln~ 
p1ag. or intersl1thl «O. lnm ) new grains. corroded, replaced by 
t o pl dg . grains. IllUSC., qua rtz , myrm. 
-- -- ---
RholTlb corcs often Rnornbs <3 x 411711, RhOMbs <,~ II 6, Small «0. 51'11'1 edge) 
s ~~;~:: i ~eg, /:r.I~~~:~ ~~s i~~~~;O~~'"!h:~'~ :~:!te~~!~;~d by An40 1:~7~~ . wea \: normal 
of r emnan t ca iclc I fl'uscovite. 
pla'liociase. 
Indented by biot i te . 
large fhk.e .. «21m1 -~--n~e--- t Well . fonned~;nHrllln- Reaction product wnere 
d1aIl1_) aft er blot1te~ ed fhlee s after primary biotite IIbutls 
nests of sl'l'all rlaH!s biotite {wit h K·feldspar (replaces 
after r -h and l1ncnlte and epido te both), cuts seconda r y 
serir:lle In pldg. incluS10ns) where btotlte In cordlerite 
(a bove). latter IS Indented by p!leud~rphs . 
plagiocldse. Uoesn' t 
replace r fel d!.par. 
__ I- ---- -I--- .-+--------1 
w~ll fOMI'Cd c rystals As for I"urr vrnbuc"a none 
As for unrec rystlll· 
lJzed ,ariant. 
none 
none 
none 
"-·llIm long, sOfTlCtlmes tOOdllte but Inevlt-
cored with alla nite "bl y cored wllh 
biotite. Co rroded 
but dlwo1Y s WlthUl allanlle . ~ 
against qUd rtz. pla9. 
Occasional co r es to Co r es t o epidnte. I---no-n-.------I 
epido te . ~O . lonq 
!~~:~Yu~~!~7; ~O.lnrn ~;~~~~~~~,/~~~, 
bio tite . nell: t t o bio tite or 
muscovi te 
Polysynthet Ical ly 
tw ined CUlTJIllngtonlte 
(rare) clnd very 
w('a lo:ly pleochroic 
ac t i no lite (freQuent) 
co re s t o hornblende. 
tlornblende zoned fr om 
brown-green Inte riors 
to blue-g ree n rims. a 
a9g re9ates ),enol Ith 
size. 
none 
none 
none 
none 
none 
Subhedral stubby prisms 
C;O.41m\ diam., dispersed 
throughou t rock . 
none 
01 screte rhombs 2nm 
edge, pa rtially to 
totally replaced by 
green·b r o .... n to green 
bi.o t i t e • quart . # 
tmclallol8tt • • latB 
Dta'JP I'ItlllJCouite. 
Replacf'mcnt produc t o f 
,ordlerite or pdlflllry 
\red · brown) biot ite . 
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region's eastern side, reverse-faulted against Silurian volcanics. The 
exact distribution of units is much more complex (see Map 1) with, for 
example, sub-meridionally elongate bodies of Clear Range Tonalite extending 
to within SOOm. of the Murrumbidgee Fault on the east and dykes of SOO Acre 
Granodiorite to within 800m. of the Ordovician metasediments on the west. 
2.2.2.2 Clear Range Tonalite 
2.2.2.2.1 Distribution 
The strongly foliated "Blue Gneiss" (Brown, 1914), shown to 
intrude the Cooma granodiorite metamorphic aureole was recognised as being 
the southern' extension of a much larger granite body, the Clear Range 
granodiorite (Snelling, 1960). Though granodioritic in the north (Joyce, 
1970; 1973b), a progressive southerly decrease in modal K-feldspar, 
suggested first by Snelling (1960) appears to be correct. Granites other 
than tonalites in the map-area are rare (see also Appendix F) and the unit 
will be referred to as the latter rock-type. 
The unit covers some 44% of the map -area, largely in the north-
west , where it forms a long narrow dissected plateau, The Clear Range, which 
terminates in the 1172m. high hill "Murrumbukra" (GR8S3106). Gradationally 
eastwards from the plateau, the moderately foliated and strongly sheared . 
tonalite becomes more foliated yet distinctly less sheared. Concomitant 
minera logical changes indicate that the less sheared variant is a recrystal-
lized version of the former. An escarpment up to about SOOm. high is the 
topographic expression of the gradient between the variants. The recrystal-
lized variant is never more than 1.S km. wide. It surrounds the Murrumbucka 
Tonalite and is considered to be an aureole to that pluton. 
Much of the hilly southeastern portion of the map-area consists 
of a complex integration of Group-1 high-grade gneiss sheets (with widths 
often of only 20m., e.g., at GR899041), which are separated by, and 
attenuate downwards into, a third Clear Range Tonalite variant. The latter 
is both sheared and strained and contains a characteristic mineral assemblage 
which includes much muscovite, giving it a glittering appearance in hand 
spec imen. 
In outcrop, both the recrystallized variant and the muscovitic 
variant form distinctive lenticular tilted tombstone-like tors. 
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Figure 2.7 Clear Range Tonalite: unrecrystallized variant (from 
sample No 4; a: nicols uncrossed, b: crossed; scale-bar: 2mm). 
Plagioclase crystals have large calcic cores. Ragged dark reddish-
brown biotite flakes are often flexed and contain small secondary 
muscovite flakes and subhedral epidote grains (note latter's high 
interference colours). Quartz grain-remnants are strongly subgrained 
and exhibit ,prominent undulose extinction. Small equant, straight-
extincting new quartz-grains occur peripheral to remnants. 
18. 
Figure 2.8 Clear Range Tonalite: Recrystallized Variant (from 
sample No 62; a: nicols uncrossed, b: crossed; scale-bar: 2mm). 
Mid-brown coloured biotite is unstrained and contains relatively large 
euhedra of low-Fe epidote, themselves often surrounding allanite cores. 
Quartz-grain remnants are less conspicuous and unstrained new grains 
are much larger than their counterparts in the unrecrystallized variant. 
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Petrographic features of the three variants are described in Table 2.1. 
Fig. 2.7 and Fig . 2.B are photomicrographs of the unrecrystallized and 
recrystallized variants respectively. 
2.2.2.2.2 Xenoliths 
A characteristic suite of xenoliths is found within the Clear 
Range Tonalite. In order of decreasing abundance, the following types 
are recognised: 
(a) Mafic biotite + quartz + plagioclase (in decreasing modal 
abundance) discoid xenoliths, generally ~ 30 x 10cm which are texturally 
finer grained, with grains more randomly oriented than in the host. They 
have a speckled appea~ance with their grainsize increasing outwards to a 
diffuse xenolith/host boundary (see analyses, Nos: 6, 7B, 77, Table 5.6 
Those within the recrystallized variant may contain allanite-studded 
epidotes within biotite flakes. 
(b) Monomineralic quartz xenoliths (~25 x Bcm.) 
(c) Elongate, compositionally banded, sometimes crenulated, biotite + 
muscovite + K-feldspar + plagioclase + quartz xenoliths ($30 x 6cm.), whose 
structural complexity decreases with increasing grainsize and banding 
repeat-distance, becoming mere patches of coarse biotite schlieren within 
the tonalite matrix (see analysis No 17, Table 5.6). 
(d) sma ll (~10mm diam.) fine grained green biotite + quartz + 
clinozoisite + muscovite rhombic pseudomorphs, possibly after actinolite 
(see TS No 3). 
(e) pale, elongate, compositional banded quartz + hornblende + 
plagioclase + sphene + apatite ± diopside ± garnet (subhedral to inter-
granular dendritic in habit) xenolith whose narrow (~1mm) bands are 
parallel to the xenolith surface. Pyroxene, if present occurs on the inside 
and is replaced by amphibole towards the rim (see Fig. 2.9). 
(f) small (~15 x 4cm) radially zoned but centrally layered, schorl + 
pyrite centred, (bytownite + sodalite- cored clinozoisite + sphene + chlorite 
+ fibrolitic sillimanite + muscovite) rimmed, biotite-sheathed, graphite 
containing xenoliths (e.g. at GRB55234), see Fig. 2.10. 
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(g) (one only) cryptically layered, bytownite + diopside + quartz + 
secondary hornblende (after diopside) + zoisite + ilmenite + apatite + 
sphene (primary and also secondary after ilmenite ) xenolith~ 35 x 25cm. 
(see analysis No 13, Table 5.6). 
(h) A variety of rounded pelitic to angular psammitic xenoliths (see 
analysis No 57, Table 5.6). 
Types (a) to (f) have wide distributions and together with type 
(g), are thought to be cognate. Type (h) xenoliths are accidental 
xenoliths restricted to within 50 or 80 metres of Ordovician country-rock 
contacts. In places, (e.g., at GR855234), xenolith concentrations increase 
markedly over those elsewhere. 
2.2.2.2.3 Contact Relationships 
The western contact of the tonalite with Ordovician metasediments 
is sharp. Quartz-rich pegmatites frequently intrude either lithology 
close to the contact (e.g. at GR831283 or GR856098). Contacts may be 
quite convolute,with tonalite tongues extending into the sediments 
(GR827286). Extremely convolute contacts occur in the south-west 
(GR865065) and south-east (GR899045) with Group-1 rocks. Relationships 
with other rocks are described below. 
2.2.2.3 Murrumbucka Tonalite 
2.2.2.3.1 Distribution 
This unit is a hornblende-bearing, fol iated tonal ite and was 
named by Snelling (1960), though its existence was known much earlier 
(Joplin, 1943; Brown , 1943). 
Covering 14% of the map-area, the unit crops out in two narrow 
( s 3km. wide) lobe s straddl ing (but probably continuous beneath) Group-1 
high-grade phase lithologies and is almost exclusively enclosed within 
the recrystallized variant of the Clear Range Tonalite. The southern 
termination of the western lobe is covered by Group-5 Cainozoic basalt 
(GR877034) whilst the eastern lobe extends southwards out of the map-area. 
The unit is not known to extend north of GR882270. 
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There is a distinct altitude component to this unit's distrib-
ution (complementary to that of the Group-1 high grade phase) being more 
prevalent at low altitudes (e.g., GR907085). Outcrop is invariably less 
foliated, less strained and less weathered than neighbouring Clear Range 
Tona 1 ite. 
2.2.2.3.2 Description and Variation 
This unit varies from plagioc lase + hornblende + actinolite + 
biotite + quar tz + epidote + allanite + cummingtonite tonalites (modes 5, 
76 of Appendix F) to or t hoclase-bearing, amphibole-absent granodiorites 
(e.g., Mode 37). The most foliated representatives are generally the least 
hornblendic and the most felsic, but strain-features are described on Table 
2.1. The uncommon hornblende of the most felsic samples is an optically 
unzoned blue-green variety, present as small, narrow (~ 1.2 x 0.3mm) prisms 
amongst biotite flakes (e.g., No 38, Table 5.4). In the most mafic samples 
(e.g., Nos 5, 76, Table 5.4), mafic mineral microxenoliths (Chappell, 1966) 
may have cores of polysynthetically twinned cummingtonite possibly after 
orthopyroxene (see Fig. 2.11b, analysis Table 5.4). More commonly, actinolite 
(possibly after clinopyroxene) forms the cores to the zoned (olive-green to 
blue-green) hornblende-rich, biotite + epidote + allanite sheathed, micro-
xenoliths. Contacts between any two amphibole-type are sharp. Crystallo-
graphic continuity from one to the other across sinuously curved interfaces 
suggests topotactic replacement of both cummingtonite and actinolite by 
hornblende rather than an epitaxial overgrowth feature (Bloss, 1971: p 337). 
No pyroxene cores to amphiboles have been found, despite the mafic nature of 
these rocks. Where sheared, even mafic varieties (e.g., No 41, Table 5.4) 
lose all amphiboles except unzoned blue-green hornblende which is replaced 
by ilmenite-inclusioned ripidolite chlorite along shear planes. The 
hornblende 
variation of modal biotite vs Si02 is shown in Fig. 2.13. 
2.2.2.3.3 Xenoliths 
A very wide variety of (lenticular) xenoliths is a feature of the 
Murrumbucka pluton. In the less deformed western lobe of this unit, they 
are located in large concentrations (up to some 10% of the rock volume), at 
the outermose '" 200 metres. Many of the xeno 1 i th types found in the Cl ear 
Range Tonalite are also found in the Murrumbucka Tonalite, although in 
differing relative abundances. .The most abundant xenolith-type in the latter 
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Figure 2.9 Felsic calcareous xenolith from Murrumbucka Tonalite 
(from sample No 31, nicols uncrossed; scale-bar: 1mm). The high-
relief phase associated with the hornblende, is clinozoisite. Sphene 
(e.g. brown-coloured ~phenoid-shaped grain at lower-middle of photomicro-
graph) and apatite, common occur. Compositional banding of calcic 
phases within the quartz matrix is perpendicular to the scale-bar. 
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Figure 2.10 Mafic calcareous xenolith from Murrumbucka Tonalite (from 
sample No 64; nicols uncrossed; scale-bar: 1mm). Ophitic tourmaline~ 
variety schorl (E = pale olive~ w = dark blue-green) surrounds low-Fe-
epidote. Colourless. phases apart from the latter~ are bytownitic 
plagioclase and muscovite~ whilst the pale yellowish phase (near pyrite)~ 
is chlorite. Small low-relief~ isotropic~ pale-blue to royal-blue coloured 
grains of sodalite (designation confirmed by XRD) occur as cores to 
epidote crystals (e.g.: cores to epidote crystals which are themselves 
surrounded by schorl). 
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Figure 2.11 Zoned amphibole microxenolith in Murrumbucka Tonalite, 
with detail of cummingtonite-hornblende contact (from sample No 5, 
nicols uncrossed, a: scale-bar: 2mm, b: scale-bar: 125]Jm). The 
microzenolith is zoned from a core of cummingtonite, through zoned 
hornblende to a discontinuous rim of biotite. Cummingtonite contains 
many types of inclusions, the most conspicuous being oriented opaque 
phases. Large chrome-magnetites (rhomb-shaped grains in Fig. a) 
contain ~20 wt. % of chromite-component (see analysis No 9, Appendix E) 
whereas smaller ~10]Jm-wide opaque platelets (Fig. b) contain ~8 wt. % 
of chromite-component (see analysis No 10, Appendi x E). Fine, blueish 
lamellae (~4 ]Jm wide and ~I I to the scale-bar) extendinq from the horn-
blende, into cummingtonite, are not cumminqt onite , since they contain 
significant quantities of calcium. The parallel lines traversing 
optically zoned hornblende in Fig. -b, trace t~e line along which 
analyses 11 to 15 of Appendix E were taken. These analyses describe 
the hornblende's chemical zonation. 
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Figure 2.12 Photographs of some xenoliths in Murrumbucka Tonalite 
(GR881141, hand-lens cylinder ~lcm in diam.) Numbers 1, 3, 9 and 11 
are very elongate, biotite-rich, hornblende-absent xenoliths with an 
almost random internal fabric. They have a similar morphology to 
that of sample No 6 (see Table 5.6) and are probably modified 
psammopelitic sedimentary source-remnants. 
Numbers 2 and 12 are composite xenoliths, all component-
xenoliths of which contain hornblende. In No 12, the more mafic 
component is partly enclosed within a less mafic component whereas in 
No 2, a felsic and a mafic component both occur within a matrix of 
intermediate composition. 
Number 4 is a small, mafic, calcareous xenolith of the 
same type as samples Nos 64 and 79 (see Table 5.6 and Fig . 2.10) . 
Numbers 5, 8 and 13 are very mafic, hornblende-rich 
xenoliths, morphologically similar to samples No 11 (analysed) and 106 
(TS only). They have cores of hornblende with lesser plagioclase and 
rims of biotite which, in the cases of samples 11 and 106, are studded 
with large ($ 2mm diam.), epidote-ri mmed allanite crystals. 
Number 6 is a hornblende-bearing xenolith, similar in 
morphology to many of those analysed (e.g. numbers 44 to 50 of Fig . 5.6). 
Number 7 is a biotite sheathed, amphibole microxenolith, 
the morphology of which resembles that of the microxenolith shown in 
Fig. 2.11. 
Number 10 is a quartz xenolith; this type is common in 
S-type granites (Chappell & White, 1976). 
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F' (amphibol~ 19ure 2.13 Graph of modal biotite / vs Si02 in the Murrumbucka 
Tonalite showing their inverse relationship, which depicts the progressive 
decrease in modal hornblende with increasing rock-Si02. The effect shown 
is the sum of hypersolidus restite-melt equilibration during magma evol-
ution and of subsolidus metamorphism during slow-cooling as both of these 
processes could consume amphibole and generate biotite. Sample No 37 
at 67.15% Si02 is hornblende-free (see modes , Table F-1). 
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unit are the hornblende-bearing xenoliths which appear to be unique to that 
unit. Xenolith types are listed in order of decreasing abundance as 
foll ows: 
(a) Plagi oclase + hor nblende + quartz + biotite ± actinolite ± 
cwnmingtonite ± secondary chlorite xenol ith s ($ 2 x 1m) which vary widely 
in texture and mineralogy. Where modal (mid- brown coloured) biotite is 
abundant, amphibole is usually uncommon. Very mafic xenoliths (e.g. sample 
No 11, see analysis Table 5.6) are frequently concentrically zoned, with 
cummingtonite or actinolite cores to optically-zoned hornblende found at 
the core to amphibole -absent, biotite + epidote + allanite-containing 
assemblages at the rim. In addition, composite hornblende-bearing xenoliths 
(see Fig. 2 ~ 12) are widespread. (see analyses Nos 10, 11, 27, 36, 42, 44 
to 51 of Table 5.6, and Fig. 2.12) 
(b) Banded or "speckled " ($25 x 5cm) biotite + plagioclase + quartz 
sedimentary xenoliths (see Fig. 2.12). 
(c) Silica poor, CaO and A1 203-rich, type (f) of section 2.2.2.2.2, 
above xenoliths (see analyses Nos 64, 79 of Table 5.6 and Figs. 2.10 and 
2.12) . 
(d) Silica and CaO-rich, A1 203 poor (type (e) of section 2.2.2.2, 
above) xenoliths (of: analyses Nos 31, 52 and 69 of Table 5.6, Fig. 2.9). 
(e) quartz xenoliths (type (b) of Section 2.2.2.2.2). 
(f) tiny ($ 15mm diam.) very fine grained biotite + plagioclase + 
quartz xenoliths (xenocrysts?) probably pseudomorphing some (un known) mineral 
(see Fig. 2.12). 
Prominent exposures of such xenolith accumulations occur on 
Murrumbucka Creek at GR881141 or at GR885077. 
2.2.2.3.4 Contact Relationships 
Relatively sharp contacts occur with Group-1 units, however, a 
~lm selvage of hornblende and muscovite free hybrid granite usually 
separates the two, which is indistinguishable in hand specimen from Clear 
Range Tonalite. 
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The most extensive contact is with this latter unit which is 
exclusively with its recrystallized variant. On the western side of the 
unit, the contact is easterly dipping and sub-parallel with the foliation 
attitude, as deduced from contact-topography relationships. This contact, 
unlike most other internal igneous contacts is frequently nebulous on a 
metric scale. The closest they approach one another is about 1m (e.g., at 
GR891070, GR894117, GR887144). More often, however, an outcrop hiatus of 
from 3 to 10 metres occurs (e.g., GR878144) which marks a preferentially 
weathered, sheared and chloritized transition zone, only rarely seen 
(e.g., GR895168). Commonly, a profusion of biotite xenoliths marks the 
contact region (e.g., GR877250). Proceeding into the Murrumbucka Tonalite 
from the contact, first the cores of these xenoliths and finally the host 
granite itself is able to sustain amphibole. 
2.2.2.4 500 Acre Granodiorite 
2.2.2.4.1 Distribution 
This unit, known previously as the "White Gneiss" (e.g., Browne, 
1914) was shown to have close spatial relationships with the Clear Range 
granite (op . ci t .), a feature which has subsequently been well documented 
(Joplin, 1943; Browne, 1943; Hopwood, 1976). The temporal relationships 
between the two units however, had not been resolved, due largely to poor 
exposure plus metamorphic and deformational overprinting. 
Renaming of the unit is deemed valid through its characterization 
(herein) which reveals its igneous petrogenesis and affiliations. It is 
named after 500 Acre Creek, which enters the Murrumbidgee River (at GR890226) 
some 300m westward s of its closest approach to the exposure unit. 
Covering some 6% of the map-area (that is, a little over 500 acres), 
largely along the eastern side, the unit is reverse-faulted against younger 
Group-4 units, though much of the rock-type is covered by recent alluvium. 
Exposures do reveal however, the presence of numerous very felsic aplitic 
dykes, up to 3m wide within the gneissic granodiorite, parallel to the mean 
foliation of the latter. Less felsic dykes of this unit, up to 140m wide 
and over 5 km. long occur adjacent to Clear Range Tonalite (e.g.: GR880026) 
or within Clear Range and Murrumbucka Tonalites (e.g.: GR906065). The 
latter, pegmatite-veneered occurrence was formerly considered to be a 
Cooma-type granite (Joplin, 1943). 
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figure 2.14 500 Acre Granodiorite (from sample No 1, nicols cross~d, 
scale-bar: 1mm) showing a ~lmm-wide zone of epidote-studded biotite, 
between two ~0.5mm-wide laminae of recrystallized quartz. These 
in turn, are bounded by two large plagioclase crystals (top-left and 
bottom-right of photomicrograph). Allanite is the low-birefringent 
phase in the centres of the epidote crystals. 
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2.L.2.4.L Description and Variation 
Much of this unit is very highly deformed due to its proximity 
to the Murrumbidgee Fault and is now a quartz + plagioclase + microcline + 
biotite + muscovite + allanite-cored epidote gneiss. Where less-deformed 
(e .g. at GR906066), primary magmatic phases may be found and indicate that 
the original granite was coarsely crystalline and devoid of epidote and 
allanite. Table L.l describes the unit's petrographic features. Aplites 
are finer grained and/or more felsic versions of the coarser represent-
atives . At GR878027, an epidote-free dyke within Clear Range Tonalite is 
studded with ~ lmm. diam. pale pinkish garnets (TS 104). 
No xenol iths have been recorded from the unit. 
2.2.2.4.3 Contact Relationships 
The Murrumbidgee fault is marked by a 30cm. wide mylonite zone 
with similar sized quartz veins nearby (GR903222). The unit forms sharp 
but locally complex, interfingering contacts with Clear Range Tonalite 
(e .g. at GR90L223, Fig. 4 . 3~ and similarly with Murrumbucka Tonalite 
(GR895226) . Several small bodies (5 20m. wide) of Clear Range Tonalite 
occur within the unit, e.g., at GR924055, GR914124 and G~904206. 
2.2 .3 Group 3: Amphibolites 
2.2 .3.1 Location 
This uncommon but distinctive rock-type has long been known in 
the Cooma region (Browne, 1914; Joplin, 1942) and also in the Murrumbucka 
regi on (Joplin, 1943; Browne, 1943). It covers only about 0.1% of the 
map-area, occurring as a swarm of near vertical, sub-meridianally striking 
3cm.-to 50m . -wide dykes of pod-like bodies intruding Group-2 granites and 
(very rarely) Group-1 high-grade metamorphics, usually within 2 km . of the 
Murrumbidgee Fault. They also occur west of the Murrumbucka Tonalite 
(GR872177). The largest body is up to 50m . wide and over 2 km. long . 
A frequent feature exhibited by m9ny amphibolites within the 
Clear Range Tonalite is their occurrence, not as a single dyke but as a 
series of pods laterally dispersed into the granite. Inter-pod selvages 
are recognisable as the norma l host when wide ( > 1m.) but for small distances, 
they consist of cluttered masses of andesine crystals in a biotite and 
Ta bl e 2. 2 Petrog ra ph ic f ea tures of amphi bolites f rom the Murrumbucka regi on. 
Phase Meta gabb ro Metadolerite (least altered) Metadolerite (most altered) 
Plagioc la se Squat rhombs, .;;; 3rrm on edge An70, .;;; O.S x 0.3mm sub- Sericitized, corroded laths 
normally zoned with cores of parallel laths; \~eak, usua Ily (~ 0.6 x O.2mm) or occasional 
AnSO' rims of An4S. normal zoning or uncommon larger (.;;; 1.5rrm diam) 
larger (.;;; 1.5mm diam) ophitic s~bro unded rhombs with An2S 
textu r ed crysta l s , with nms. 
hornblende inclusions. 
Amphibole Large ( ~ 6mm diam) squat , .;;; Imm diam. hornblendes Subparallel, elongate (.;;; 2 x 
often broken hornblende similar to those in meta- O.5mm) prisms of (~ =) green -
prisms, with ~ = kakhl i gabbro or as ~ 0.3mm diam brown cored, (~=) green-blue 
I 
coloured, ilmenite dusted I inclusions within ophitic rimmed corroded hornblende. (P. Hayden, pers . comm.) I plagioc la se. 
I Cores gradlng to ~ = green i co loured rims, often recrys-tallized to inclusion poor, I 
marginal type hornblende 
crysta l s ';; lmm long. Some 
inclusion - poor actinolite I 
cores. 
Quartz Interst itial aggregates of Interstitial grains ~ 0 . 5mm Interstitial elongate patches 
.;;; 0.4mm diam. unstrained diam., some undul ose (';; 1.5 x 0.4mm) with undulose 
grains. extinction. extinction and subgrain 
development; corrodes other 
phases. 
Biotite absent absent Minor flake s in foliation plane, 
replacing hornblende. 
Epidote group abse nt absen t Uncorrmon, sma 11 (';; O. 3rrm d i am. ) 
grains associ ated with hornblende 
and chlorite. 
Chlorite Irregular subparallel absent Numerous th i n (.;;; O. 3rrm wi de) 
fracture cleavage fillings bands in the foliation pl ane. 
';;0.3mm wi de. 
Sphene absent absent Small (.;;; 0.2mm long) bipinacolos 
scattered through chlo r ite . 
Sil i ca Content 51.39% (No 59) 51. 56% (No 30) 55.55% (No 29) 
I 
I 
i 
I 
0J 
I-' 
OJ 
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hornblende matrix (see analysis No 33, Table 2.4b and Fig. 2.13). These 
selvages grade eventually into the host tonalite. Amphibolites range from 
(centrally located) non-foliated and biotite-absent types to foliated, lower 
colour indexed, biotite-rich varieties near the tonalite. 
2.2.3.2 Description and Variation 
A textural dichotomy is apparent withi n the unit, between an 
uncommon, massive, absent to weakly foliated, coarsely crystalline, podiform 
type which occurs either alone (GR917091) or within (GR907157) the more 
common finer grained type . The two types have close textural similarities 
with relict gabbro and fine grained amphibolite, described by Joplin (1942) 
from the Soho St. Amphibolite (Cooma) and are considered to be metagabbro 
and metadolerite respectively. Their petrographic features are described 
in Table 2.2. One 20cm. wide dyke (GR911114) contains numerous large 
(~4mm diam.) clots consisting of (zoned) hornblende-rimmed actinolite 
prisms which form clusters about "nests" of chlorite-enclosed , platey 
serpentine aggregates, possibly after orthopyroxene or olivine (analysis 
No 54, Table 5.7). This rock also contains very rare clinopyroxene relicts 
within actinolite. 
Amphibolites close to the tonalite may contain lense-like ~15 x 
5mm patches of quartz plus normally zoned plagioclase (An 45 to An 20 ). 
Closer still, plagioclase becomes seritized and/or marginally zoned, whilst 
chlori te + sphene and/or biotite + epidote replace hornblende. 
2.2.3.3 Contact Relationships 
Granite contacts are often nebulous on a centimetric scale, with 
transition zones rich in biotite and epidote. Individual hornblende 
crystals become flattened chlorite-pseudomorphs sheared in biotite (e .g. 
GR916092, GR869110). Complex relationships exist between gneissic 
versions of amphibolite, Murrumbucka Tonalite and 500 Acre Granodiorite in 
the north-eastern position of the map-area (near GR89226) which has a 
characteristically strong deformational overprinting. Gneisses may occur, 
ranging from hornblende-absent varieties to those containing abundant modal 
hornblende, typical of amphibolites. Here, amphibolite/granite transitions 
up to a few metres in width may be found. 
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2.2.4 Group-4: Po~t Late Silurian Volcaniclastics and Porphyries 
2.2.4.1 Location 
Occurring on the eastern side of the Murrumbidgee Fault are 
deformed lithic crystal tuffs, xenotuffs, shales and uncommon limestones of 
the Bransby beds (Joplin, 1943). These are locally intruded by high level 
porphyries. Eastwards from these are less deformed tuffs with local lavas, 
of the Colinton volcanics (Best et al ' J 1964; Baczynski, 1970; Richardson, 
1979). 
2.2.4.2 Description 
2.2.4.2.1 Bransby Beds 
Fine xenotuffs adjacent to the fault are now represented merely 
as quartz ribboned, finely crystalline (~ 0.03mm long) epidote (TS lOS). 
They are interbedded with sericitized K-feldspar and embayed B-quartz 
crystal tuffs. Marble pods from within epidotite (at GR927034) consist of 
banded sericite plus iron oxide aggregates (~12mm long) shale fragments 
within pressure twinned, quartz-patch studded, calcite grains ~0.2mm long 
(TS 100). Two samples of dacitic crystal tuff from this unit (Nos 71, 72: 
Table S.8) were analysed in this study . No 71 is very altered whilst No 72 
is marginally altered. Their fragmental components consist of large (~lSmm 
diam.) embayed B-quartz crystals, equally large but sericitized K-feldspars, 
crystals (~lmm edge) of partly altered andesine, iron-oxide strained green 
to yellow pleochroic chlorite after biotite flakes, plus quartz + low-iron 
epidote + chlorite + iron oxide aggregates after lithic fragments. Matrices 
appear largely to be fine-grained (~0.06mm) chalcedony. 
2.2 .4.2.2 Colinton Volcanics 
One devitrified quartz + pyroxene (?) + sanidine-phyric rhyolite 
was analysed from this unit. The phenocryst phases (volumetrically only a 
few percent of the rock) are usually less than a millimetre in diameter. 
Epidote + chlorite pseudomorphs are probably after pyroxene. 
2.2 .S Group-S: Cainozoic Alkali-Olivine Basalt 
2.2.S.1 Location and Description 
In the south-west corner, covering some 2.3% of the map-area, 
alkali basalts unconformably overly Group-1 and 2 lithologies as a thin 
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veneer, often only tens of metres thick. An 80cm wide, vertical basalt 
dyke at GR893222 striking perpendicularly to the intense regional sub-
meridional foliation is probably coeval with basalts in the south. 
The Group-6 lithology: Cainozoic lacustrine sediments, were 
described in Chapter 1. 
2.2.6 Colour Significance of Biotites from the Murrumbucka Region 
The preceding description indicates a great variety of biotite 
types exist in the Murrumbucka region. Though not analysed from the map-
area, analyses of red-brown coloured biotites from the Cooma region (Tetley, 
1978; Vernon, 1978), the Clear Range (Joyce, 1973a) and elsewhere (De Pieri 
& Jobstaibizer, 1977) indicate low atomic(Fe3+jratios «0.08), variable 
Fe2+ 
. (octahedral Ti \. ( . ~A13+)VI 
hlgh'Total V-site cations: (y*)) ratlos 0.05 to 0.10) and hlgh \~ 
ratios (0.10), for this type. The colour may be due to diminutive Fe3+ 
Fe2+ change transfer transition absorption (which leads to green colours 
(Faye, 1968)), allowing expression of less dominant A1 3+ + Fe 2+ and Ti 4+ + 
Fe2+ transition absorptions which Faye (op . cit .) suggests occupy the 
violet and yellow parts of the spectrum, respectively. Grass-green coloured 
biotite, like that in Gap Tonalite cordierite pseudomorphs (samples 65 and 
68) probab 1y owe thei r co 1 our to hi 9h ~:~~ rat ios (op . cit . and Ha 11. 1941). 
Deep-brown coloured biotite like that in 500 Acre Granodiorite (see analysis, 
Table 5.9), the Shannons Flat Adamellite (Snelling, 1960; Joyce, 1973a) and 
elsewhere (Sapountzis, 1976) appear to owe their colour largely to high 
titanium contents(fl~I ratios? 0.06). Other biotites from the map-area 
have less extreme compositions, as is indicated at least for the Murrumbucka 
Tonalite (see analyses, Table 5.9 and Appendi x E, Joyce, 1973a). 
2.2.7 Chronostratigraphic Implications 
Intense deformational overprinting in the Murrumbucka region 
makes age relationships between some lithologies, virtually unobtainable. 
The following general statements on age relationships may however, be made: 
(a) Clear intrusive contacts (e.g. at GR870063) and an obvious contact 
aureole on its western flank show that the Clear Range pluton intruded low 
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grade Group-1 country rocks. 
(b) The lack of Clear Range Tonalite xenoliths in the Gap Granodiorite 
suggests that the ultrametamorphosing process producing the latter granite 
occurred before or during, but not after emplacement of the former granite. 
(c) Contrary to the assertion of Joyce (1970, p 35), the hornblende-
bearing tonalite is a discrete, mappable unit and as such may validly be 
assigned a name; that chosen: the Murrumbucka Tonalite was first used by 
Snelling (1960). 
(d) Since the Murrumbucka Tonalite is surrounded by a mappable, 
recrystallized Clear Range variant then the former Tonalite is interpreted 
as having intruded the latter with the recrystallized variant being the 
contact aureole. 
(e) Though the dyke-form and aplitic nature of certain 500 Acre 
Granodiorite exposures indicate that these bodies intruded both the Clear 
Range and Murrumbucka Plutons, the temporal relationships of the latter 
two bodies with the metaplutonic eastern belt could not be unambiguously 
deduced. 
(f) It is proposed that the morphologic, textural and mineralogic habit 
of many amphibolites within the Clear Range Tonalite has resulted from 
intrusion of mafic magma into strained and fractured tonalite close to its 
solidus temperature, causing local remelting of the latter, thus implying 
synp lutonism. The "andesine crystal-rich selvages between emphibolite pods 
would then represent the tonalite magma's refractory restite, the rest of 
the magma having been absorbed to form the adjacent modified amph ibolite. 
Such intrusive relationships between similar rock types are well documented 
from parts of the Donegal Batholith (Pitcher & Berger, 1972; Pitcher, 1979) 
and within the Coastal Batholith of Peru (Pitcher, 1974, 1978, 1979) and are 
reviewed by Yoder (1973). Amphibolite intrusion did not cease until after 
all the Group-2 granites were emplaced. 
(g) The age relationships between Group-4 units are uncertain 
(Richa rdson, 1979). Richardson (1979) has shown that the typically 
deformed Bransby Beds, originally thought to be of Ordovician age (Joplin, 
1943), exhibit gradational continuity and the underlying Colinton Volcanics 
of probable Late Silurian age. She considers that deformation in the 
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Bransby Beds are at least in part due to their proximity with the r~urrumbidgee 
Fault and that they may therefore be time equivalents of the Colinton 
Volcanics. The Bransby Beds could also be lithological equivalents of the 
Laidlaw Volcanics, 60 km. further north, to the west of Canberra (B. Duff 
pers. comm.). This suggestion is strengthened by certain chemical 
similarities between the two units (see Chapter 5). 
(h) Group-5 basalts are lithological equivalents of the Eocene basalts 
dated by Wellman and MacDougall (1974) from just south of Cooma. 
(i) The 60 to 40 my. age obtained from a palaeomagnetic study of iron 
oxide indurated, deeply weathered sediments from the central portion of the 
Bredby Valley by Pillans (1977), is considered to be an older age-limit to 
deposition of Group-6 lacustrine-like sediments, since the latter appear to 
be particularly fresh. 
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CHAPTER 3 
MET A M ° R PHI S M 
3.1 Introduction 
The preceding chapter's description reveals that lithological 
Groups-1 to 4 inclusive have been metamorphosed to varying degrees. Group-
1 rocks contain a range of assemblages and textures implying an extensive 
metamorphic range from low pressure greenschist facies towards medium 
pressure, upper amphibolite facies (classification after Miyashiro, 1975), 
culminating in sufficient partial melting to form granite magma. 
The granites comprising Group-2 exhibit a limited range of 
assemblages, dependent both upon inter-unit bulk-compositional differences 
and also varying metamorphic conditions. For the Clear Range Tonalite, 
such variations have been mapped. Group-3, though not studied in detail, 
appears to vary from low-pressure, chlorite zone greenschist facies at a 
distance of more than about 500m. from the Murrumbidgee Fault, up to low-
pressure, albite-epidote zone greenschist facies adjacent to the fault. 
Group-4 shows little variation in mineral assemblage due largely to 
restricted bulk chemical variation. 
A metamorphic study of the intimately associated Group-1 and 2 
lithologies, together representing 95% of the map-area, is considered to be 
the most useful in elucidating the Murrumbucka region's metamorphic history. 
This is the aim of this chapter. 
Thin sections referenced are matched with their locations in 
Appendix B. 
3.2 Group 1 Metamorphism 
3.2.1 Introduction 
Closed-system prograde metamorphism appears to have occurred in 
both the eastern and western zones. Retrograde metamorphism is not strongly 
apparent in the western zone, though it is strongly apparent in the eastern 
Zone and is characterized by a degree of openness involving mobility of 
H20, K20 and to a minor, localized extent, CaO and Na 20. The extent of 
metasomatism varies throughout the zone, being more strongly apparent in 
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rocks c~ntacting the Clear Range Tonalite and in pelites. Since the extent 
of open-system metamorphism was relatively mild (Lowell & Guilbert, 1970; 
Rose, 1970) and bulk compositional buffering (Wintsch, 1975) can be demon-
strated, then departure of the actual PT-path from that deduced assuming 
closed-system metamorphism is probably of limited extent. PT -cond it ions 
during Group-1 metamorphism therefore are modelled assuming closed-system 
behaviour and then modified in the light of the observed open-system features. 
3.2.2 Metamorphism Assuming a Closed Chemical System 
3.2.2.1 Petrogenetic Grid 
As used for metamorphism in the Cooma region by Vernon (1978), 
metamorphism of Ordovician flysch in the Murrumbucka region may largely be 
described using a partial petrogenetic grid constructed for the 5-component 
KM'ASH (K20-constant bulk ~~~* - A1 203 - Si02 - H20) chemical system since 
for the 13 metasediments and Gap Granodiorites analysed (the Si02 range of 
which ranges from 50% to 89%): 
( ) !:l£CL a variation in FeO* from a mean of 0. 50 is only 10% 
(0 = 1) and 
(b) other major-element concentrations are relatively low. 
In some rocks (such as the granites), or parts of rocks (such as migmatite 
leucosomes), Na 20 and CaO are also important components. The vapour-
saturated partial grids in the KM 'ASH and other chemical systems (Fig . 3.1) 
is largely a compilation of published and theoretical studies in various 
chemica l systems and partly an original theoretical construction using the 
methods of Schreinemakers (Zen, 1966). Constructional detail is given in 
Tab le 3.1. The KM 'ASH partial grid is constructed around the curve for 
the widespread reaction: biotite + andaZusite + quartz to cordier ite + 
K-feZdspar + vapour~ positioned (differently) in PT-space, in two independent 
experimental studies. The curve chosen is No 18, determined by Hoffer (1976) 
(us ing natural mafic mineral separates) rather than No 7, interpolated from 
data given by Holdaway and Lee (1977) who used synthetic mafic mineral 
start ing minerals. Either curve in fact, could have been used. Both 
1 t d"t 'th c Mg value of curves app Y 0 cor lerl es Wl an X Mg Mg + Total divalent Fe 
0.66, close to that found by Vernon (1978) for cordierite in Cooma pelites 
(XCMg = 0.60). The relevant invariant points are: 
Table 3.1 Description of reactions used in construction of KM'ASH and KNCASH partial petrogenetic grids (Fig.3.1). 
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Figure 3.1 Superimposed partial petrogenetic grids for KM'ASH and other 
chemical systems, showing two model PT-paths, each shown as a differently 
patterned zone, for metamorph ism of Upper Ordovician quartz-rich flysch, 
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within the Murrumbucka region. The pattern marked: X has aH20 = 1 throughout; 
that marked Y has aH20 = 0.5 up to peak temperatures, subsequently followed by 
hydration to aH20 = 1. Constructional detail is given in Table 3. 1. 
Symbols for th~ mineral phases are: 
A: aluminosilicates, AF: alkali feldspar, An: K-feldspar containing 
anorthite, And: andalusite, Bi: biotite, Chl: chlorite, Cd: 
cordierite, Co: corundum, KF: K-feldspa r, L: siliceous silicate 
liquid, Ms: muscovite, NF: Na-feldspar, Pl: plagioclase, Q: quartz, 
Sil: sillimanite, Tc: talc, V: vapour. 
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(a) II ('V 5700 e and 'V 3.0 kb.), repositioned from the KMASH equivalent 
(Schreyer & Seifert, 1969) assuming KM'ASH and KMASH system univariant 
curve topologies are similar. Of the three invariants, its position is 
the least well known . Its assemblage is aluminosilicate + biotite + 
chlorite + cordierite + muscovite + quartz + vapour~ 
(b) 12 (625 0e and 2.4 kb.) chosen at the in tersection of curves 13 and 
18, where the aluminosilicate + biotite + cordierite + X-feldspar + 
muscovite + quartz + vapour assemblage occurs, and 
(c) 13 (7230e and 3. 75 kb.) at the intersection of curves 18 and 19, 
where the aluminosilicate + biotite + cordier ite + X- f eldspar + quartz + 
liquid + vapour assemblage is stable. 
3.2 . 2.2 Grid Application 
3.2.2.2.1 Eastern Zone 
The oldest assemblage is probably that containing red-brown biotite 
+ andalusite + quartz which is cordierite + muscovite-absent (TS 89). It 
is placed in the PT-field on Fig. 3.1, partially bounded by curves 13, 18 
and 2 (assuming the latter to be the valid andalusite to sillimanite 
curve) . 
A cordierite (PseudomorphedJ + perthitic X- feldspar assemblage 
(e .g. TS 86 ) indicates crossing of curve 18. The frequent occurrence of 
prismatic sillimanite (TS's 86, 87; see Fig. 2.2), suggests a higher 
PT-reg ime was reached at Murrumbucka than further south at Cooma where this 
phase is very rare. This indicates a field for the unaltered assemblage, 
partial ly bound by curves 2 and 18. Migmatite leucosomes (TS's 90, 91) 
consis t of a plagioclase (An 30J + Perthitic X- feldspar + quartz + myrmekite 
assemblage which is interpreted as indicating the crossing of (the melting) 
curve 4). Such leucosomes would represent accumulations of most of the 
pe lite's sodium, ca lcium and uncombined water, but their volume is insuff-
icient to allow structural collapse with consequent production of granite 
magma. Gap Granodiorite is widespread however and its formation probably 
represents peak metamorphic conditions. The convolute nature of its contact 
with adjacent gneiss implies that it was formed more or less in situ and not 
introduced from elsewhere. 
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Gap granite melt compositi on s deduced in Chapter 6, are 
considered to contain only KNCASH ch emical components so the magma's 
stability field should lie between curves 4 and 24, just below 18 . 
There is no need to invoke the crossing of curve 24 whiCh would produce 
an FeO* + MgO containing melt. 
Cordierite is mostly altered to a green or fawn-coloured 
biotite + andalusite + quartz assemblage (see Fig. 2.5, TS's 68, 92); 
K-feldspar is replaced by fibrolitic sillimanite + quartz where close to 
Clear Range Tonalite, for instance, in migmatite leucosomes (TS 91) 
(see also Figs. 2.1, 2.6). These two pseudomorphing assemblages are 
interpreted as indicating the recrossing of curve 18. 
Quartz + andalusite + muscovite forms coronas around Gap 
Granodiorite K-feldspars (Fig. 2.6, TS's 16, 66) and together with the 
occurrence of andalusite + two mica containing, K- feldspar + cordierite 
absent pelites (TS 93) , suggests that muscovite stability was attained 
by the crossing of curves 13 or 6. 
The lowest temperature assemblage recognised is andalusi te + 
chlorite + cordierite + biotite + quartz + plagioclase containing and 
X- feldspar + muscovite absent. It may represent the small PT stability . 
field bound by curves 10, 11 and 14. (see Fig. 2.3: TS 80) 
In summary, a shallow-sloped PT-path is deduced for the closed-
system, water-saturated model, confined to pass to the high-P side of the 
critical intersection of curves 2 and 18 and in the retrograde stages, 
above the intersection of curves 10 and 14. The mean geothermal gradient 
is 'V 1000 C per km. and peak metamorphic conditions of 'V 7l00 C and 3.3 kb . 
are indicated. 
3.2.2.2.2 Western Zone 
Though sparse, sampling of this zone shows that metamorphism was 
mo stly i sochemica l. Metamorphic grade appears to be a simple function of 
relative proximity to the Clear Range Tonalite. 2 km. from the contact, 
a fine-grained clastic-textured 2 mica + quartz + corroded X- feldspar + 
uncommon andalusite containing cordierite absent assemblage (TS 94) occurs 
in a relatively psammitic sample and suggests a stability field between 
curves 14 and 15, for a bulk composition close to the muscovite-biotite 
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join of the AFM diagram (see Fig. 3.1). K-feldspar is probably meta-
stable. Within 500 metres of the gran ite, coarser grained anda~usite + 
biotite + quartz + minor muscovite containing, K-fe~dspar + cordierite 
absent assemblages (TS's 84, 85) indicate the same stability field, though 
temperatures were probably somewhat higher. 
Within 100 metres of the contact, quartz (poor) + anda~usite + 
non-optica~~y perthitic K-fe~dspar + cordieri te + red- brown biotite 
containing~ muscovite absent assemblages in hornfelses imply the crossing 
of curve 18 (see TS 32). ' 
A model PT-path linking these assemblages cannot be distinguished 
within the resolution of the diagram (Fig. 3.1), from that deduced for 
the eastern zone. 
3.2.3 Open-System Metamorphism and Conclusions 
The following petrographic features imply that open-system 
retrograde metamorphism occurred in the eastern zone: 
(a) As noted by Vernon (1978, 1979) in the Cooma region, there is 
an imbalance between the les ser extent of K-feldspar replacement compared 
with that of cordierite (TS's 86 , 92) as would otherwise be indicated from 
the stoichiometry of reaction 18. This indicates input of external K
2
0 
and therefore H20 occurring at or soon after peak metamorphism. 
(b) The occurrence of late-stage fibrolitic sillimanite or andalusite 
nucleating often in red-brown biotite (for which no reaction is known) 
(TS's 90, 91) suggesting the presence of a (low-pH) water-saturated 
environment promoting base-cation leaching (op . cit . ) ~ 
(c) The partial replacement by muscovite of greenish biotite in 
cordierite pseudomorphs, without production of cordierite, as would be 
implied during the crossing of curve 14 (TS's 16, 68). 
(d) The replacement by ch~orite + anda~usite of biotite in an 
assemblage otherwise devoid of a K20-r ich phase (sample 80) , indicating 
loss of K20, 
(e) The complete replacement of K- feldspar by muscovite in Gap 
Granites adjacent to (intruding) Group-2 granites, implying addition of 
water and (some depletion of K20, e.g. samples 65, 68). 
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Figure 3.2 PT - PH 0 - T block-diagram for the KM 'ASH 2 
and KNCASH chemical systems, showing two model paths for metamorphism 
of Upper Ordovician quartz-rich flysch within the Murrumbucka 
region. The linear, dashed path lies on the plane of water-
saturation (PH20 = PT) with peak conditions of T = 7100 C, PHZO = 
PT = 3.3 kb. The looped path (preferred) passes through points 
Y' (PT = 3.75 kb., PH20 = l.9 kb., T - 6850 C) and Y (PT = PH20 
3.75 kb ., T = 6850 C) . Numbered PT-curves on the plane of water-
saturation, refer to curves on Fig. 3.1 and in Table 3.1. 
42. 
(f) Anomalously high CaO and Na 20 in samples adjacent to Group-2 
units (samples 65, 68 and 80). 
Stability of aluminosilicates over K-feldspar and micas occurs where 
K+ 
+ ratios are low, i.e., during hydrogen-metasomatism (Lowell & Guilbert, H 
1970; Rose, 1970; Wintsch, 1975; Vernon, 1979). Precise effects on the 
stability fields of assemblages in PT-space by acid solutions is not known. 
That biotite stil l exi sts in Sample 80 close to Group-2 granite and some 
K-feldspar is replaced in muscovite-absent gneisses however, indicates a 
degree of bulk compositional buffering (Wintsch, 1975), so that the actual 
PT-path may not be too far removed from that deduced assuming K
2
0 to be 
immobile. 
Fig. 3.2 is a PT - PH 0 - T block diagram based upon Fig. 3.1 2 
and is modelled on Fig. 4 of Wyllie, 1977. The positions of the two 
vapour-absent curves, which "free-stand" in the (upper) water under:'" 
saturated prism, are not precisely known but their approximate positions 
(and therefore those of their projections on the plane of water-saturation 
as well) can be deduced. Numerous studies confirm that invariants I2 and 
I3 separate with vapour-undersaturation, increasing the stability field of 
the assemblage cordier i t e + K- feldspar + quartz in al l PT-directions 
(Seifert, 1976; Holdaway & Lee, 1977; Wyllie, 1977; Thompson & Algor, 
1978; Thompson & Tracy, 1979). The raising of the cordieri te + K- f eldspar 
producing reaction by only 0.5 kb from curve 7 3/4 of the way towards 
curve 8, in response to lowering PH 0 from PH 0 = PT to PH a = 0.4 PT 2 2 2 (Holdaway & Lee, 1977 and the raising curve 13 by 1 kb in response to 
lowering PH 0 from PH 0 = PT to PH a = 0.5 PT (Thompson & Tracy, 1979), 2 2 2 
together indicate that the vapour-absent curve from I2 must lea~e the vapour-
saturated plane (T, PH 0 = PT) at a high angle, as shown on Fig. 3.2. For 2 
the vapour-absent curve emanating from I3, a similar high angle orientation 
with respect to the vapour-saturated plane is suggested by the lesser degree 
of movement of the cordier i t e + K-feldspar producing reaction (Holdaway & 
Lee, 1977) than the eutectic melting curve 24 with equal water-under-
saturation, assuming the latter curve moves by an amount similar to other 
mica-absent melting curves (Wyllie, 1977; Thompson & Tracy, 1979). The 
two vapour-absent curves together, define the vapour-undersaturated surface-
equivalent of the vapour-saturated cordieri te + K-feldspar producing reaction: 
curve 18. The attitude of the vapour-absent surface emanating from curve 4 
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is unlikely to be very different from those of analogous surfaces depicted 
by Wyllie (1977) or implied by data of Thompson & Tracy (1979), and should 
therefore form a similar intersection angle with the vapour-saturated plane 
to that formed by the surface emanating from curve 18, with the same vapour-
saturated plane. 
Seifert (1976) concludes that the cordierite + X- feldspar + quartz 
assemblage is more indicative of water-undersaturation than of any particular 
PT-range. Metasediments of this grade, frequently contain little more than 
the quantity of water present in hydrous phases (cordierite and biotite) 
(Sighinolfi & Gorgoni, 1977; Thompson & Tracy, 1979; Winkler,1979). In 
the Murrumbucka region, water-undersaturation during the formation of the 
cordierite + X-feldspar + quar tz assemblage is suggested by the following: 
(a) Since the destruction of the above assemblage is accompanied by 
open-chemical-system behaviour with respect to K20, then the presence of an 
acidic K20-containing aqueous solution is implied, indicating water-
saturation at this stage and suggesting that the pre-existing assemblage 
(i.e. the cordierite + X-feldspar + quartz assemblage) was by contrast, 
water-undersaturated. 
(b) Without water-undersaturation, peak metamorphism would occur at 
'V PT = PH ° = 3.3 kb. and T = 710
0 C. The normative composition of the 
plagiocla~e component of the resulting felsic partial melt in the migmatites 
and Gap Granodiorite is 'V An 60 , using data of Winkler (1979: p 296), 
assuming that the prismat ic sillimanite in adjacent pelites was derived 
from the crossing of curve 2. With water-undersaturation to the extent 
of 'V aH 0 = 0.5 however, peak metamorphism would occur at lower temperatures 2 
(PT = 3.75 kb., PH 0' = 1.9 kb., T = 6850 C). Melt-crystallized plagioclase 2 
would have a composition of 'V An30 (op . cit .), i.e., that which is observed, 
prismatic s illimanite could occur in the pelites and the mean geothermal 
gradient for the retrograde metamorphism would be 'V 40 0 C per km. rather than 
the more extreme value of 1000 C per km . if water-saturation prevailed. 
Winkler (op . cit . p 300) shows that a major factor in the development of 
migmatites, leading eventual ly to anatexis, is the availability of water; 
gneisses whose solid-phase compositions are compatible with production of 
melt will not do so unless water is present. In the eastern zone, influx of 
K20 and H20 occurred at least by the stage of retrograde crossing of curve 18. 
If conditions of the cordierite + X-feldspar + quartz assemblage reached 
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685 C, PT = 3.75 kb. and aH 0 0.5 (position Y' in Fig. 3.2) then 
hydration would: 2 
(a) result in piercing of the vapour-undersaturated surface emanating 
from curve 18 hence render the cordi er ite + K-feldspar + quartz assemblage 
unstable and 
(b) force melting to occur in rocks contain ing significant KNCASH 
components, yielding a melt with the An-content of the plagioclase component 
increasing progressively with hydration, to eventually reach 'V An 35 
at 
water-saturation (position Y, Fig. 3.2). Gap Granodiorite formation would 
then be the response to a progressive increase in water activity and would 
occur specifically in the least refractory units of the Upper Ordovician 
flysch. 
For Group-1 metamorphism then, the preferred model involves 
variable PH 0 (see Fig. 3.1: path Y; Fig. 3.2), and invokes the influx 
2 
of mildly acid water for some external source. 
3.3 Group-2 Metamorphism 
3.3.1 Introduction 
Descriptions in the previous chapter indicate that all units of 
this group, that i s the Clear Range Tonalite, the 500 Acre Granodiorite and 
the Murrumbucka Tonalite, have all been metamorphosed. Localized prograde 
contact-metamorphism is noted in the former units, due to intrusion of the 
latter unit, however, most metamorphism is retrograde and is apparent 
presumably because of the slow cooling rate for the Cooma and Murrumbucka 
regions (Tetley, 1979). 
3.3.2 Clear Range Tonalite 
3.3.2.1 Country-Rock Contact Variant 
As described in Chapter 2, this variant (e.g.: TS's 34,95,96, 
97) is characterized by lack of epidote and an abundance of muscovite 
which (besides occurring in other associations), replaces sodic-rims to 
plagiocla se crystals. K-feldspar, if present at all, tends to be both 
interstitial and marginally replaced by myrmekite. A reaction invoking 
the action of an acid aqueous solution which could describe this set of 
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FeO* for Cooma and Clear Range granite suites showing i ndex increases fo r 
Clear Range Suite samples (from near the pl uton-country rock contac t) 
due to Na20 + CaO loss and index decrea ses for Cooma Suite sampl es 
(close to the Cl ear Range Tona l ite contact) due to Na 20 + CaO gain; 
interpretation: localized mas s transfe r of Na 20 + CaO from Cl ea r Ran ge 
Tonali te t o ul t rametamo rphosed country rock. 
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features, can be formulated from ionic equations (4) to (7) of Wintsch 
(1975, p 61): 
(1) 2H+ + KA1Si 308 + 2NaA1Si 308 + KA1 3Si 3010 (OH)2 + 6Si02 + 2Na+ its calcium containing analogue being: 
(2) 2H+ + KA1Si 308 + CaA1 2Si 208 + KA1 3Si 3010 (OH)2 + 2Si02 + CA
2+ 
The resulting calcium and sodium ions must then be lost from the system, 
presumably into country-rock. Chemical analyses support this open-system 
approach. The analysis of sample No 34 (Table 5.4) has low CaO and Na
2
0 
but r'easonable K20 contents relative to the respective Clear Range Suite 
, A1 203 mean trends (see Fig. 5.3). The molecular A-lndex (mol. Na
2
0 + K
2
0 + CaO 
value for this sample is accordingly higher than the mean. This style of 
metamorphism appears to be a feature of the Clear Range Suite since it is 
expressed both petrographically and chemically in samples from the Callemondah 
and Willoona Plutons of the same suite which flank the Shannons Flat 
Adamellite. Further evidence comes from analyses of Cooma Suite granite. 
2 samples of such granite taken from within a few metres of the Clear Range 
granite contact contain abundant very poorly unzoned plagioclase (An
12
) porph-
roblasts which orphitically enclose biotite. These samples Nos 65 and 68, 
Table 5.1) have higher CaO and Na 20 and therefore lower A-index values than 
other Cooma Suite samples. The concomitant open-system metamorphic trends 
between these two granite suites are shown on Fig. 3.3 (mol. A-index versus 
FeO*) . 
The PT-stability field for the Clear Range muscovite-rich variant 
cannot be greater than that of the assemblage muscovite + quartz . Inter-
polations from data of Wintsch (op . cit .) indicates a maximum stability of 
650
0
C at 4 kb. PH ° (less, if PH ° <PT or PT <4 kb.) of the muscovite + 2 2 
1 . h f + + d + t·· quartz assemb age, ln t e presence 0 an H , K an Na -con alnlng aqueous 
solution. Since the solidus temperature of the Clear Range Tonalite is 
considered to be greater than that of the Gap Granodiorite (see Ch. 6), 
which is itself greater than this 6500 upper stability limit (at 'V 68SoC) , 
then muscovite in the Clear Range Tonalite is a subsolidus phase. 
3.3.2.2 Uncrystallized Variant 
This, the most widespared variant, which forms the central part 
of the intrusion, is best represented on thin sections Nos 4, 7 and 81. 
Total rock chemical analyses show that reasonable linear inter-component 
variations result when samples of the preceding variant are excluded (see 
Figs. 3.3, 5.3) which indicates that metamorphism prevailing in variants 
other than the latter, was closed-system in nature. Though secondary 
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muscovite in plagioclase rims and very minor or zero modal K-feldspar may 
imply ionic reactions similar to those described for the preceding variant, 
the overall reaction is more complex since it involves mafic phases as well. 
Small low-iron epidote crystals stud corroded red-brown biotite, itself 
fringed by a green variety associated with a profusion of tiny ilmenite 
crystals. Since there is no change in total rock (Fe2031 ratio accom-
FeO / 
panying development of epidote, the biotite-modifying reaction is inferred 
to have occurred at constant fO with that mineral IS iron oxides having 2 . 
segregated into Fe203-richer phases (green biotite and epidote) and FeO-
rich ilmenite, that is the two iron oxides behaving as independent chemical 
components. 
3.3.2.3 Recrystallized Variant 
Muscovite is absent from this epidote-rich variant (see TSls 62, 
70, 74, 75). The replacement (fawn-brown coloured) biotite has inclusions 
of secondary sphene; no ilmenite is present. Higher calcium activities 
are therefore indicated. Absence of muscovite indicates PT-conditions for 
epidote + (new) biotite formation to the high temperature side of the quar tz 
+ muscovite stability curve No 6 (Fig. 3.1). Absence of muscovite in rocks 
chemically similar to those containing this phase (see analyses 74 vs 3) as 
well as thorough biotite recrystallization and reconstitution, indicates 
that a thermal peak was superimposed onto the (assumed) general retrograde 
metamorphic trend. 
Primary epidote is considered to occur as final crystallization 
products in some basic rocks (Deer, et . al .~ 1972; Fenogenov, 1978) . Could 
epidote in this variant have coexisted with liquid? This is considered 
unlikely since the only change wrought is a mineralogical one; chemical data 
show that metamorphism was both isochemical and at constant fa ' precluding 
high fO 
2 
Liou, 1979). 
epidote stabilization (Holdaway, 1972; 2 Liou, 1973; Keskinen & 
Characteristic of all the epidote-bearing granites is a late-
stage reaction in which epidote is corroded when juxtaposed with quartz or 
sodic plagioclase (see Fig. 3.4). This feature is noted elsewhere, for 
instance in the Thorr, Ardara and Rosses plutons of the Donegal Batholith 
Figure 3.4 Epidote with allanite core, from 500 Acre Granodiorite 
\from sample No 1; a: nicols uncrossed, b: crossed; scale-bar: 
125wm) showing a relatively euhedral outline against enclosing biotite 
but corrosion of epidote where adjacent to quartz. Analysis No 3 of 
Table F-1 is of this epidote crystal. The allanite is twinned 
(composition plane" (100), see extinct portion at top-right of grain) 
and has an unusual lamellar structure; microprobing has confirmed 
that both sets of lamellae are allanite. 
47. 
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(Pitcher and Berger, 1972) and in the Boulder Creek Batholith, Colorado 
(Hickling, et . al .~ 1970). 
The two epidote-producing reactions inferred from the above 
descriptions are: 
(a) for the uncrystallized variant: 
K-fe ldspar + An- plag component + red-br own biotite + muscovite + quar t z + 
gr een biotite + ilmenite + epidote; and 
(b) for the recrystallized variant: 
K-fe ldspar + An- plag component + r ed-br own biotite + fawn biotite + quar tz 
+ sphene + epidote . 
Since they both consume K-feldspar, then within limits set by bulk chemistry, 
it is possible to alter felsic phase modal ratios by metamorphism. For 
granites which crystallized with low modal K-feldspar, modal classification 
may be of dubious significance if cooling was slow, as in the Cooma-
Murrumbucka region (Tetley, 1979). Differences of up to 3.5 modal K-feldspar 
Felsic phases may occur in the Clear Range Tonalite, between rocks of very 
similar chemistry (e .g. analyses 2 and 74, Table 5.4). For Gap Granite, 
K-feldspar . decreases of 8 modal % Felsic phases are posslble (e.g. analyses 24 and 66, 
Table 5.1). Metamorphic processes then, account for part of the Clear 
Range Pluton trend from granodiorite in the north to tonalite in the south 
(Snelling, 1960; Joyce, 1973b). Progressive bulk-chemical trends to more 
mafic granites in the south, however, are an important part of the modal 
transition . The combined effect of changing bulk-chemistry and metamorphism 
on felsic phase modal abundances are shown for the Clear Range, Murrumbucka 
and Cooma Suite granites on the quartz - K-feldspar - plagioclase triangular 
diagram (Fig. 3.5). The Cooma Suite dispersion lies in a zone having a 
large vector-component away from the K-feldspar apex and a smaller vector-
component towards the quartz apex. Since chemical compositions for these 
granites are so similar, this dispersion is thought to be largely due to 
metamorphic effects. As such, the initial crystallization products of this 
suite may all have been quartz-rich adame llites ~ with little dispersion on 
the diagram. For the other 2 suites, the metamorphic effects upon felsic-
phase ratios must have been superimposed onto primary trends, which would 
have been due in part to crystal fractionation but more importantly, to 
progressive unmixing of calcic plagioclase-containing restite (see chapter 6). 
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Figure 3.5 Modal Quartz - K-feldspar - Plagioclase triangular plot for 
Cooma, Clear Range and Murrumbucka Suite granites. Cooma Suite samples 
(squares: Gap Granodiorite from this work (Appendix F), square with cross: 
Cooma Granodiorite from Chappell &.White, (1976)) are all quartz-rich granites 
(classification of Streckaisen (1973) slightly modified by Chappell & White 
(1976) ). Clear Range Suite samples , (circles) are from this work and from 
Joyce (1970). The mylonitized samples Nos 70 and 75 (solid circles) are 
chemically altered (see Fig. 4.6) so as to become Quartz + K-feldspar poorer. 
Murrumbucka granites are plotted as triangles. A significan t component to 
the trend away from the K-feldspar apex is considered to be the result of 
K-feldspar-consuming metamorphic reactions which occur in all three suites. 
For the Clear Range and Murrumbucka Suites, modal fields are 
marked: m, whereas C.I.P.W.-normative fields (assuming Plagioclase contain 
respectively, 5% and 1. 5% Or-component, and both suites' alkali feldspars 
contain 12% Ab-component (Joyce, 1974)), are marked: n. 
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These primary trends probably lay somewhere between the modal fields 
(marked: m) in which all the mafic minerals are hydrous phases and the 
C.I.P.W.-normative anhydrous-phase fields (marked: n). The latter fields 
were derived using the chemical data (Tables 5.4,5.5; Chappell, unpubl. 
data ) assuming firstly that plagioclases from the Clear Range and Murrumbucka 
granites contained 5% and 1.5% Or-component, respectively (like those 
analysed from the two suites by Joyce, (1974)) and secondly, that both 
granites ' alkali feldspars contained 12% Ab-component (like that analysed 
from Clear Range Granodiorites (op . cit . )). The positions for the mylonitized 
Clear Range Suite samples 70 and 75 (solid circles), show the effect of both 
K-feldspar and (especially) Quartz depletion, as described in Chapter 4. 
3.3.3 500 Acre Granodiorite 
Metamorphism, in this unit is weak in the dyke-swarm of this unit, 
occurring on the western side of the map-area (e .g. TS 40). In the larger 
area of this unit adjacent to the Murrumbidgee Fault however, metamorphism 
is strongly apparent (e.g. TS's 1, 20, 61). Epidote is abundantly developed 
in very dark brown, unstrained biotite. Its formation is thought to have 
involved, at least in part, destruction of earlier magnetite, since this 
phase is (rarely) found, enclosed in early-formed allanite. 
3.3.4 Murrumbucka Tonalite 
Epidote is ubiquitous in this unit. Its paragenesis involves 
destruction of hornblende, as inferred from the common mafic mineral zoning 
found in xenoliths (see Fig. 2.12) and microxenoliths (see Fig. 2.11): 
1. Cummingtonite or Actinolite cores (TS' s 5, 76) surrounded by 
2. inner brown-green to outer blue-green hornblende sheathed by 
3. biotite + epidote + allanite . 
Amphiboles other than hornblende are more common in the mafic samples. 
When sheared however, such samples (e.g.: TS 41) contain only green-blue 
hornblende, indicating a subsolidus origin for this variety. Since it is 
this same variety that is replaced by the biotite + epidot e + allanite 
assemblage, then this in turn is a subso lidus metamorphic reaction which must 
involve destruction of K- feld spar, the only other K20-rich phase present, so 
that these granites also owe part of their tonalitic character to the effects 
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of metamorphism (see Fig. 3.5). This reaction may be followed on stained 
slabs of mylonitically sheared Murrumbucka Tonalite. K-feldspar which is 
present in the unsheared clasts, is absent in the shear-zones; hornblende is 
also les s common in the shear-zones than in the clasts. The reaction is 
thought to be similar to that described by Busch et . aL . (1974): 
K-fe Ldspar + hornbLende + sphene + biotite + pLagiocLase + quartz . 
3.4 Ages of Metamorphi sm and Clear Range Tonalite Int rus ion. 
This section seeks to determine the relative ages of high-grade 
metamorphism and Clear Range Tonalite intrusion. 
Field and petrographic evidence (Browne, 1914, 1943; Joplin, 1943; 
this work) shows that the Clear Range Tonalite intruded Ordovician metasedi-
ments near the peak of the latter's metamorphism. Roddick & Compston (1977), 
recognising that the Clear Range Tonalite cannot have been emplaced before 
the Upper Ordovician ultrametamorphism, presented Rb-Sr total rock isochron 
diagrams which show extensive scatter and give anomalous ages for many 
intrusions of the Murrumbidgee Batholith. These ages (especially that for 
the Clear Range intrusion: 474 ± 38* my.) are considerably older than those 
(415 ± 2* my.) implied by well-fitted isochrons for adjacent, coeval 
intrusions (Roddick & Compston, 1976) and age limits set by field evidence, 
together with the emplacement age of the Cooma Granodiorite (dated variously 
at 406 ± 12* my.) (Pidgeon & Compston, 1965) and 408.2 ± 5.7* my. (Tetley, 
1979)). Roddick & Compston reconciled this paradox by proposing that for 
these particular S-type granites, magmas were not well mi xed so that pluton 
subvolumes partially inherited ~ ~ ratios from different parts of a hetero-
geneous sedimentary source. They cited the widely varying sample ~~ ratios 
as their evidence. However, their samples (those of Joyce, 1970) included 
not only a different plutonic species : the Murrumbucka Tonalite, but also 
two of the three Clear Range Tonalite variants as well as samples considered 
to have suffered open-chemical-system shearing (a process described by 
Kerrich et . aL ., 1977), which is common within the Murrumbucka region and is 
described quantitatively in Chapter 4. A statistical evaluation of the 
chemistry of his 14 Clear Range Tonalite samples led Joyce (1970), to identify 
the six northern samples and one from the south, as a chemically coherent 
group. Since the southern sample is of the unrecrystallized variant and all 
northern samples are chemically indistinguishable from this variant, it is 
* ( Rb 1.42 x 10- 11 dy-1 Ste i ger & Jager, 1977.) 
ro 
N 
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Figure 3.6 Rb-Sr total-rock isochron diagram for some granites of the Murrumbidgee Batholith 
after Roddick & Compston (1977). Two isochrons have been drawn through Clear Range data. The 
87 
first, using granite samples only, yields an age of 417 ± 13 my. with an initial 86s r ratio of 
Sr 
0.7127 ± 20; the second, incorporating the data of two xenoliths (small circles), yields an age 
of 424 ± 4 my. and an Sr-initial ratio of 0.7126 ± 4. Southern Clear Range samples (vertical crosses) 
are considered to have been chemically altered and/or reset by the intruding Murrumbucka Tonalite. 
The only data for the latter pluton are duplicate determinations (op . cit .) from sample No 63 of 
Joyce (1970), plotted as triangles. The inset shows the relationship between Sr-initial ratio and 
emplacement age of the Murrumbucka Tonalite as deduced from the available data. 
A mlnlmum emplacement age for this pluton of 400.6 my., is afforded by the K-Ar 
hornblende age of 404.1 ± 3.5 my. of Tetley (1978; see Appendix D). The maximum emplacement age is 
set by the emplacement age of the enclosing Clear Range Pluton. Reference isochrons for the Shannons 
Flat Adamellite are also plotted and suggest, together with chemical evidence (Joyce, 1970) that this 
body is probably a pluton-composite. 
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considered that only these samples : su bject to minimal, early, closed-
system retrograde metamorphism, should be used to obtain a pluton emplace-
ment age. Regression of their isotopic data yields a more precise, younger 
total rock age of 417 ± 13 my. By including the two xenoliths from the 
northern end of the pluton, an age of 424 ± 4 my. is obtained. The former 
age, though potentially more accurate (si nce it was determined only using 
granite samples) is less precise, is potenti all y less accurate since the 
xenoliths may not have reached isotopic equilibrium with the host granite. 
These two model isochrons are shown on Fig. 3.6. 
The Cooma Granodiorite total rock + mineral isochron of Tetley 
(1978) has a slope which is largely dependent upon the rubidium-rich mica 
sample's position . The same extensive study identified a very slow cooling 
rate for that granite (and indeed, the region). Linear regression of K-Ar 
hornblende, muscovite and biotite mineral ages plus Rb-Sr muscovite and 
biotite mineral ages, each against their respective bloc king temperatures 
(Tetley, 1978; Harrison & Tetley, in prep .) see Appendix 0, yields a 
cooling rate of 18 ~~40C per my. over the range 2600C to 5600C. The K-Ar 
hornblende age of 414.2 ± 1.3 my. (representing a temperature of 530 ± 300C), 
sets a lower age limit for granite emplacement of 410.6 my'. The cooling 
rate above the latter temperature, is expected to increase with temperature 
(op . cit .), so that a linear extra polation of the above mean cooling rate, 
to the solidus of the Cooma Granodiori t e (assuming it to be the same as for 
the Gap Granodiorite, i.e., near 6850C, see Fig. 3.1), yields an emplacement 
age upper estimate of 421.4 my . The Cooma Granodiorite then is considered 
to have been emplaced at 416.0 ± 5.4 my . This age is considered to be more 
reasonable than the 408.2 ± 5.7 my. of Tetley (1979) which assumes simultan-
eous Sr-isotope closure of its minerals (muscovite, K-feldspar .and plagio-
clase) at the solidus temperature and when the mineral controlling t he 
isochron slope, muscovite, is thought not to have been present (see Fig. 
3. 1) . 
The preferred age of emplacement for the Cooma Pluton (416.0 ± 
5.4 my.) i s then not significantly different from that of the Clear Range 
Pluton (417 ± 13) and within the range of Pidgeon & Compston's (1965) Rb-Sr 
total rock + mineral Cooma Granodiorite emplacement age of 406 ± 12 my. 
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3.5 Discussion 
East-west cross-sections on Map 1 show that the Clear Range 
Tonalite is thinly (~200m) roofed by the high-grade Ordovician metasediments 
of the eastern zone, themselves continuous with very similar metasediments 
to the south, in the Cooma region (Browne, 1914; Joplin, 1943; Hopwood, 
1976). Though the metamorphism has usually been regarded as of regional-
type (Vallance, 1967), that studied in the Group-1 rocks of the Murrumbucka 
region at least, could be of the contact-type, formed in response to 
intrusion of the Clear Range Tonalite though a thermal contribution from a 
coeva l regional metamorphic event cannot be ruled out. Contact metamorphism 
of the Ordovician flysch by the Clear Range Tonalite is suggested by the 
following: 
(1) Metamorphic grade in the western zone of Ordovician meta-
sediments appears to increase steadily towards the tonalite contact with a 
minimum geothermal gradient of ~ 230C km- 1 (limit set by the slope of curve 
18, Fig. 3.1), suggesting contact metamorphism in the western zone, 
(2) a single, simple prograde-retrograde path in PT - PH 0 - T 2 
space is deduced 
type geothermal 
7100C, 
for metamorphism in the eastern zone with high, contact-
o gradients, at least over the temperature range 560 C _ 
(3) peak metamorphic conditions in the eastern zone is thought 
to have coincided with an influx of mildly acid water, causing localized 
migmatization and Gap Granodiorite petrogenesis, 
(4) CO2-containing (mildly acid) water is thought to have been 
expelled by the Clear Range Tonalite upon its solidification, s.ince this 
granite has a calc-silicate xenolith component (see Chapter 2). 
(5) the extent of chemical openness of the eastern zone's 
metamorphism was greatest next to the Tonalite, 
(6) the eastern zone forms a physically thin (~ 200m) roof-zone 
over the southern part of the Clear Range Pluton, 
(7) no other intrusive body is known which could alternatively 
have produced the metamorphism observed, 
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(8) emplacement ages of the Clear Range and Cooma granites 
deduced from radioisotopic data are not significantly different, 
(9) the Clear Range magma is thought to have been hotter than the 
peak metamorphic conditions described for the eastern zone, since the southern 
Clear Range Tonalite (the most mafic S-type granite yet found in the Lachlan 
Fold Belt), is considered to have had a melt containing significant FeO* and 
MgO besides KNCASH chemical components (see Chapter 6). Gap Granodiorite 
melt, by contrast, is thought to have contained only the latter components. 
Supporting this model are data of Younker (1977) indicating that the size 
and thermal history of a contact aureole are controlled not on ly by the 
maximum temperature developed at the contact but more importantly by the 
size and thermal conductivity characteristics of the heat source. He 
contends that granite magma's higher viscosity (op . cit . ; Shaw, 1963) 
implies slower convection and much lower heat-loss rates for granite magma 
bodies than for significantly hotter gabbro magma bodies of identical size 
and shape. By these arguments, Younker (1977) rationalized the contrast 
between narrow, yet high-temperature aureoles about many gabbros and wide, 
yet lower-temperature aureoles about many granites. 
Regional metamorphism is suggested by: 
(I) Slow cooling rates for the Cooma and Murrumbucka regions, 
as determined from radiometric dating studies (Pidgeon & Compston, 1965; 
Tetley, 1978, 1979), 
(2) extensive retrograde metamorphism in Group-2 granites. 
Open-system metamorphism is largely confined to the eastern (roof) 
zone as is to be expected for country-rock located directly above a solidify-
ing pluton, especially since the country-roc k had, at the time of Tonalite 
emp lacement , a marked verti cal regional structural anisotropy (Hopwood, 1976; 
Hayden, pers. comm.). 
3.6 Conclusions 
Metamorphism of Group-1 rocks within the map-area more strongly 
resembles contact-type than regional-type metamorphism and can be described 
in PT - PH 0 - T space by a simple loo ped path, with peak metamorphic 
2 
conditions close to 685 0C and PT 3.75 kb. Open-system metamorphic 
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features in the eastern zone indicate an influx of low-pH water at or near 
the peak of metamorphism, which is thought to have resulted in local partial 
melting to the extent of Gap Granodiorite magma generation . These and 
other features, are considered capable of being produced by the intrusion, 
solidification and cooling of the Clear Range Tonalite, probably at the 
peak of a regional-metamorphic event. Localized metamorphism of the Clear 
Range Tonalite has occurred in response to the intruding Murrumbucka 
Tonalite. 
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CHAPTER 4 
S T R U C T U R A L G E 0 LOG Y 
4.1 Introduction 
With few exceptions, every unit of Groups 1 to 4 is pervasively 
foliated and therefore manifests the insignia of penetrative compressional 
deformation. Less penetrative deformational styles are also found, 
ranging from mylonitic shearing to faulting and low-angle thrusting. Most 
deformation appears to be the expression of regional doming associated with 
the emplacement of at least two granite plutons, firstly the Clear Range 
Tonalite, followed by the Murrumbucka Tonalite; the relationship between 
deformation and emplacement of the third major intrusion, the 500 Acre 
Granodiorite, is unknown. 
The map-area was divided into 13 structural domains based upon 
the spatial distribution of 478 foliation attitudes, themselves shown on 
Map 1. Domains and their contoured lower-hemisphere stereographic 
projections (shown on Map 2) are referenced throughout the following 
description. 
Prominent features such as foliation (both the pervasive 
schistosity and the localized mylonitic foliation) appear to have developed 
twice, during different deformational episodes; the foliations are difficult 
to resolve since they are subparallel and overlap in space. Since time 
relationships between all structural features are not precisely known , a 
time-sequence does not form a good basis for description. Instead, a first 
order division has beenmade between features on the basis of their type: 
whether they are penetrative or not. 
The various penetrative features are described in lithological 
order, since many features are restricted to individual lithologies. Less 
penetrative features, which largely cross-cut lithological boundaries, are 
described individually. Following a discussion concerning firstly, stress 
to bulk-strain relationships inferred from an understanding of the origins 
of mylonites and schistosity and secondly, the relationships between 
structural features and magma intrusion, a tectonic interpretation is 
presented, which includes a table of a proposed sequence of structural 
events (Table 4.1). 
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4.2 Description of Penetrative Defo rma tion 
4.2.1 Group 1 
4.2.1.1 Introduction 
Within Ordovician metasediments south of the map-area , two 
meridionally trending structural provinces have been described which 
correspond spatially to regions of high and low metamorphic grade (Hopwood , 
1976; Granath, 1978). They are separated by a transition zone, through 
which individual lithological units have not been traced . In fact bedding 
surfaces, so often seen in the low-grade western province have not been 
found in the high-grade eastern province (op . cit .). In the Murrumbucka 
region, no mapping of individual units was attempted so no transition zone 
was resolved . Structures in the western zone (continuous with Hopwood's 
western structural province) and those in the eastern zone (continuous with 
Hopwood's eastern province) will be described consecutively. 
4.2.1.2 Western Zone 
In the south-eastern portion of the map-area, within the low-grade 
phase (structural domain, (SO) No 10), bedding surfaces (termed So) are seen 
tracing psammitic units (e.g. at GR851404). A fine (,,- 0.5mm) lamination . 
(termed So'), is often noted in the more pelitic units. Though this looks 
like bedding, Hopwood (1976) and Stevens et al . (1979) consider it to be a 
transposed surface, largely parallel to, but post-dating bedding . Both 
these surfaces are folded about an easterly dipping planar surface (Sl) 
axial plane to shallowly plunging, metre-sized isoclinal folds (F
1
). Sl 
is a pervasive slatey cleavage. At GR865051, a 500 Acre pegmatite dyke is 
folded by F1, together with the sediments it cuts, indicating t~at F1, at 
least in part, was synchronous with granite intrusion. In the south-west, 
near the Clear Range Tonalite contact, Sl dips shallowly (down to 250 ) to 
the east whilst further west, dips become steeper (up to 850 ) . To the 
map-area's north-west however, Sl in the metasediments shows no such 
variation: it is subvertical up to the tonalite contact . 
Another fold-style, F2, occurs, overprinting F1 in the region's 
south-west , close to the granite contact . It consists of met re-sized 
kink-folds with steeply dipping axial surfaces and axes which plunge at 
moderate angles either to the north-east (e.g . at GR864050) or (less 
common ly) to the south-east (e.g . at GR869060). The gross rectilinear 
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form of the convolute contact between Ordovician metasediments and 
intruding tongues of Clear Range Tonalite, is thought also to be the 
expression of F2 folding. 
4.2.1 . 3 Eastern Zone 
Many structural elements of the high-grade, eastern zone meta-
sediments (in SOlS 5, 6, 7, 11, 12, 13) are similar to those found in the 
western zone (SO 10), but others are indistinguishable from those found in 
Group-2 granites. This is consistent with the close spatial interrelation-
ships of the two lithologies. Since individual lithologies are discon-
tinuous and lenticular, the coarse (1 to 10cm wide) structural surface most 
commonly found is likely to be SI or SOl rather than So. Within lenses, 
especially in psammitic varieties, traces of earlier surfaces may be seen. 
At GR898095 for instance, occur assymmetrically folded 5 to 20mm wide 
quartz -rich segregations which alternate with 1 to 5mm wide cordier ite + 
K-feldspar + mica-rich segregations. Such compositional banding may be a 
pre-tectonic, dewatering, segregation cleavage (P. Hayden, per s . comm.) or 
even bedding, So. Folding probably analogous to Fl in the western zone 
can be found also in the eastern zone (e.g. at GR890038) with an Sf 
schistosity as the axial surface. 
In places, within both Group-l and 2 lithologies ali ke, the 
pervasive Sf foliation is itself folded (see girdle A on the stereogram 
for SO 11), the style of which consists of large-scale ("' 200m), low-
amplitude buckling with a nearly horizontal, meridionally trending fold-
axis and a consistent, western-directed vergence. The precise orientation 
of it steeply dipping axial surface is unknown. Being a superi mposed fold 
generation, it has been termed F21 to distinguish it from the d.ifferently 
styled F2 of the western zone. 
The bimodal pattern of Sf foliations exhibited both by Ordovician 
gneiss and Clear Range Tonalite in SO 7, may be due to refraction of 
foliation so as to be sub-parallel with their common lithological contact. 
Here, Group-l gneiss caps hills but elongate, steeply dipping keels extend 
downwards into the tonalite for up to hundreds of metres. Foliation 
refraction is noted also where gneiss surrounds a prominent body of tonalite 
(at GR896095) (represented by girdle B on the stereogram for SO 11). The 
small circle foliation distribution on the stereogram for SD 12 may be due 
to stress (and hence foliation) refraction about a more competent substrate. 
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The continuity of foliation trends through domains 11, 12 and 13 suggests 
the presence of a kilometre-sized F2 fold, similar in style and orientation 
to Hopwood's Bulong Antiform (1976), located 5km north of Cooma township. 
Gap Granodiorite is one of the few lithologies which may remain 
unfoliated. It most commonly occurs as undeformed pods within gneiss 
(e.g. at GR908092, GR901117). 
4.2.2 Group-2 
All units of this group have a moderate to strong foliation, which 
is continuous with the schistosity/gneissosity in Group-l units and therefore 
is also termed Sf· More detailed consideration into the nature and distrib-
ution of this foliation however, resolves two component foliations with sub-
parallel strike trends. Sf is the most widespread and occurs along the 
1 
north-eastern edge of the map-area (in SO 1) and in the east and south-east 
(SO's 2, 6, 7 and 11), within Clear Range Tonalite (the unrecrystallized 
and country-rock contact variants) the 500 Acre Granodiorite or in the high-
grade Upper-Ordovician gneisses. It is a foliation characterized by 
strained minerals (elongate, partially recrystallized quartz grains, flexed, 
torn and slotted biotite flakes, etc.) described in greater detail in 
Chapter 2 (see Fig. 2.7). Strain becomes less apparent (though foliation 
is stronger) as the Murrumbidgee fault is approached. 
A younger foliation, termed Sf ' occurs most prominently in the 
2 
meridional corridor, crossing the map-area from the north to the south (in 
SO's 3, 8 and 9). It is spatially associated with the Murrumbucka 
Tonalite yet is best developed near the western contact of this unit in the 
adjacent Clear Range Tonalite (i.e., in the latter unit's recrystallized 
variant). In this corridor, Sf occurs as a strong foliation, striking 
2 
100 to the east of Sf and consists largely of unstrained but elongate 
1 
minerals (see Fig. 
of the earlier Sf 
1 Tonalite. 
2.8), consistent with its formation by recrystallization 
foliation, associated with intrusion of the Murrumbucka 
There is widespread gradation of Sf and Sf across much of the 
1 2 
map-area. Since their resolution is at best, poor, the two are described 
together. The following features of the undifferentiated foliation pattern 
are apparent: 
a b c d 
Domain: 10 9 8 3 
Figure 4.1 n-Diagrams of foliation distributions from 
selected domains (each shown as an area enclosed by the 5% 
contour of the distribution of poles to foliations, plotted 
on lower-hemisphere stereographic projections: see Map 2) 
Fig. -a: the attitude of slatey cleavage (Sl) in the 
western zone of Upper Ordovician metasediments. Figs.-b 
to -f: the progressive change in Sf-foliation orientation, 
from west to east across the region. Fig. -g: the girdle 
formed by superimposing the previous 5 stereograms; the 
8-pole so defined is the Sf-fanning axis. Girdle -B of 
Fig. -h reflects Sf-foliation refraction, whereas girdle -A 
and the girdle of Fig. -i are due to F2'-folding of the Sf-
foliation. Fig. -j shows the 8-poles describing orientation 
of Sf-foliation fanning and folding; the implied approximate 
orientations of the axes of principal stress, are also shown. 
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(a) a general fanning from easterly dips on the west to westerly dips 
on the east, 
(b) a broadening of this fan-pattern from being ~0. 7 km wide in the 
north (at GR895236) to ~6 km wide in the south, and 
(c) the fanning being confined by two loci, firstly that tracing the 
lowest westerly dips on the eastern side (also tracing the Murrumbidgee 
Fault) and secondly, that tracing the lowest easterly dips on the western 
side (the latter in part being traced by the recently identified Clear Fault 
in the north), with dips becoming shallower along this line towards the south. 
The above features may be followed on Map 2 and on Fig. 4.1 (-b to -f) which 
shows the fanning as a repositioning of the area enclosed by the 5% contour 
of each domain's distribution of poles to the undifferentiated Sf foliations, 
traced across the circle of the stereogram, starting with the Clear Range 
Tonalite's south-western domain (SO 9) and proceeding eastwards through 
recrystallized Clear Range Tonalite on the western side of the Murrumbucka 
Tonalite (SO 8), the Murrumbucka Tonalite (SO 3), mi xed Clear Range and 
Gap granites with near vertical foliations (SO 5) and finally, a domain of 
Group-2 granites on the east of the map -area, adjacent to the Murrumbidgee 
Fault (SO 2). The near-horizontal B-pole to the girdle formed by super-
imposing the above 5 stereograms is shown on Fig. 4.1-g. 
similar to the B-poles to girdles described by foliation 
domains 11 and 13 (Figs.4.1-h, -i). 
Its position is 
attitudes within 
Within 1 km of the Murrumbidgee Fault, a younger pervasive 
structural surface termed 5 occurs, manifest either as a crenulation c 
cleavage or a spaced transposition surface (see Fig. 4.2), deforming the 
Sf surface. The relationship between 5 and Sf is uncertain; they may 
1 c 2 
be different structural expressions of the same deformational event. Sc 
strikes up to 300 to the west of Sf' Whereas the double maximum shown 
1 
on the stereogram for SO 7 could be just due to foliation refraction, that 
on the stereograms for SO 1 and SO 2 are thought to be partly due to the 
measuring of Sf with Sf and with 5 , respectively. The stereogram for 
1 2 c 
SO 2 also shows positions of a prominent northerly plunging foliation inter-
section lineation. A clearer delineation of Sf and 5 is shown on the 
1 c 
stereogram of SO 4, a thrust slice, described in more detail, below. It is 
noted that the presence of two sub-parallel foliations along part of the 
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Figure 4.2a Crenulation of the Sf-foliation in the 500 Acre 
Granodiorite, with Sc-crenulation surface being less strongly 
developed in felsic aplite (left of photograph). 
Figure 4.2b Serrated contact between Clear Range Tonalite (dark-
coloured unit) and 500 Acre Granodiorite (light-coloured unit) 
probably caused by flattening (01 not perpendicular contact); Sf-
foliation would then form contemporaneously with the serration. 
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63 . a 
Figure 4.3a Low Angle Thrust (dipping gO towards 1350 S. E.) with move-
ment of the upper block westwards (to the left). Strong, near-
horizontal jointing is spatially associated with this structure (Back-
pack for scale) . 
Figure 4.3b Sinistrally vergenced Kink-folding of Sf-foliation (A~lm) 
near the Murrumbidgee Fault, in gneissic 500 Acre Granodiorite, 
containing thin (~5cm) seams of Clear Range Tonalite (one of which is 
outlined in foreground at a synformal hinge-zone) . The hammer is 
parallel to the common limb between two hinge-zones; fold axes plunge 
~200 northwards (into the page). 
63. 
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margin of the Clear Range Pluton, is no ted in other granite terrains, for 
instance, two foliations occur along the north-eastern margin of the Main 
Donegal Granodiorite (Pitcher & Berger, 1972). 
In the highly deformed north-eastern portion of the map-area, 
quartz veins and mylonites are folded about a (nearly vertical) Sf 
(undifferentiated) axial surface. When these pre-Sf surfaces strike to the 
west of Sf, the resultant folds have a sinistral vergence; when they strike 
to the east of Sf' the minor folds have a dextral vergence. This implies 
that formation of these mylonites predated formation of this Sf foliation. 
Both the sinistral and dextral folds could have been formed by simple 
compression under the influence of a near-horizontal, east-west principal 
stress axis (01)' 
Folding of Sf wholly within Group-2 granite is muc h less common 
than folding of the sub-parallel Sl surface in Group-1 units. However, 
within about 300m of the Murrumbidgee Fault (e.g. at GR900224), Scm-wide 
sheets of gneissic Clear Range Tonalite within gneissic 500 Acre Granodiorite 
are collectively folded ( A~ 2m) into assymmetric, shallow-northward plunging 
kinks with a dextral vergence, (Fig. 4.3b) which may also have been produced 
by lateral compression with 01 oriented east-west and close to the horizontal. 
4.2.3 Group-3 
Degree and style of deformation in the various amphibolites 
depends in part upon grain size and mineralogy. Coarsely crystalline relict 
gabbro may not be foliated at all (e.g. sample 59) and usually bears only a 
weak spaced fracture cleavage. Where this rock type abuts finer grained 
varieties, foliation in the latter is refracted away from and is pinched 
out against the edge of the coarse variety. This indicates that lack of 
foliation does not imply a lack of applied stress. 
Finer grained types exhibit a foliation defined by subparallel 
plagioclase laths and stubby amphibole rhombs. It is wea kly developed 
in the more mafic interiors of amphibolitic bodies, but quite strongly 
developed at their biotite-containing peripheries and is therefore largely 
a secondary foliation. The sensoid rather than elliptical form of 
amphibolite pods indicates that the biotite-containing hybrid rim-material 
deforms more easily than does the core-material. 
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4.2.4 Group-4 
Bransby bed units, located near the Murrumbidgee Fault, have 
similar strain features to those of other units described above. Coarse 
crystal tuffs (e.g. at GR905217) are merely fractured with So (defined by 
shale interbeds) folded into large (A = 200m) vertically plunging open folds 
(see distribution of poles to foliation in SO 6). A fine-grained, fissile, 
epidotized, mafic-volcanic unit (at GR927035) has Sl folded into steep north-
westerly plunging (As100m) kink folds, resembling the F2 folds of the other 
low-grade regime on the western side of the map-area, (SO 10). 
The analysed lithic-crystal tuffs (Nos 71, 72) have moderate 
foliation development whereas the rhyolite analysed is undeformed. 
4.3 Description of Localized Deformational Styles 
4.3.1 Mylonitic Shear-Zones 
4.3.1.1 Types and Locations 
This controversial class of deformational structures (e .g. 
Lapworth 1885 in Hi gg ins, 1971; Hsu, 1955; Chri s tie, 1963; Johnson, 1965 
1967; Barber, 1965; Bell and Etheridge, 1973) are well represented in the 
Murrumbucka region. Though terms used to describe these deformation zones 
have genetic connotations (for example Lapworth's (1885) "mylonite" itself 
means "milled rock"), Higgins' classification (1971) has been used in this 
work without genetic implications, simply to group the various zones 
according to their textural characteristics. 
(a) Protomylonites 
Within Murrumbucka Tonalite at GR890103 and at GR887137 are ~6m 
wide zones consisting of large (~O.4 x O.lm) lenticular clasts of tonalite 
within an anastromosing, finely-crystalline, plagioclase-studded fluxion-
structured matrix. (The fluxion-surface is designated: Sm.) 
(b) Blastomylonites 
Occurring within all Group-2 units (e.g. in the Clear Range 
Tonalite at GR875050, in 500 Acre Granodiorite at GR897237 and in 
Murrumbucka Tonalite at GR881067) and also at inter-unit contacts, are 
~4m wide zones of ~lmm grain sized fluxion-structured rock, resembling 
protomylonite matrix-material. 
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(c) Mylonites and Ultramylonites 
Found close to the Murrumb idgee Fault (~1 km) are narrow (~0.3m) 
zones of fine- to very fine-grained, strongly fluxion-structured rock, 
grading rapidly from typically foliated granite to core-regions of a micro-
crystalline equivalent. Plagioclase is the last mineral phase to be 
reduced in grainsize, so mylonites can have a speckled appearance. 
4.3.1.2 Collective Descri ption 
These various shear-zone types have numerous common properties. 
Some were formed befor e the Sf and Sc structural surfaces since 
2 
(i) when not parallel to Sf they may ta ke on the latter 
2 
foliation (e.g. at GR873166) or become folded, with Sf 
(pres~mably Sf ) as axial surface (e.g. at GR893226), and 
2 
(ii) near the Murrumbidgee Fault at GR910165, Sc crenulates Sm. 
Others crosscut Sf and are therefore, later structures (e.g. at GR870060 
2 
and GR881065). 
Small (centimetre-sized ) intrafolial folds with steep but variable 
plunges occur within some blastomylonites (e.g. at GR888105 and GR887137: . 
see Fig. 4.4) which consist of highly flattened mineral grains (with 
elongations up to 20 times width) . 
Large, unevenly fractured crystal fragments of plagioclase and 
hornblende show that brittle deformation has occurred. Petrographic 
features indicate however, that ductile processes (with syntectonic 
recrystallization) typify deformation within these shear-zones. Such 
features are described for each phase, below: 
(a) Quartz occurs as elongate aggregates of small equant grains with 
at most, a weak undulose extinction. Centrally located remnants however, 
are ribbon-subgrained and have strong undulose extinction. 
(b) Biotite consists of small ( ~ 0.8mm long in the relatively coarse 
grained blastomylonites), well formed, unstrained, strongly alligned 
flakes. 
(c) PZagiocZase (crystals ~ 4mm on edge, before deformation) from group 
2 granites, may split (glide?) along Carlesbad penetration-twin composition 
67.a 
Figure 4.4 Folds ( A~2cm) in mylo nit i zed Murrumbucka Tonalite 
(sample No 99; reverse-polarized thin- section photograph; scale-
bar: 1cm), showing general diminution of grain-size and scattered 
remnant grains. Area No 1 (enlarged in Fig. 4. 5) contains a 
remnant plagioclase crystal, another of which occurs near the top 
of the photograph . Within the latter, are faint markings, 
identifying its altered, calcic, xenocrystic core. Area No 2 
contains a highly elongate (30: 1) zone of small hornblende crystal s, 
the shape of which contrasts with the circular aggregate of larger 
hornblende crystals, within area No 3. 
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Figure 4.5 Relict igneous plagioclase crystal in mylonitized 
Murrumbucka Tonalite (photomicrograph of TS 99, nicols crossed; scale-
bar : 1mm) with other mineral phases (biotite and quartz) wrapped 
around it. The local mylonitic foliation (Sm) is parallel to the 
length of the photomicrograph (see also Fig. 4.4). Twin lamellae 
through the core of the crystal are offset by conjugate kinks and 
shears, the orientations of which imply a local stress-field orient-
ation with 01 perpendicular to Sm. Small new plagioclase crystals 
occur most abundantly in the pressure-shadow region perpendicular to 
°1 (i.e. parallel to Sm)' 
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planes. In coarse-grained amphibolites (e.g. TS 98, GR893236), mosaics 
of polysynthetically twinned rhombic subgrains may have developed from 
larger grains by strain (Suwa, 1979). Elsewhere, lense-shaped aggregates 
of tiny (SO.lmm diam.) irregularly shaped, rarely twinned, straight extinc-
ting grains, are thought to have formed from flattening of the usual stubby 
plagioclase crystals. A mylonite through relict gabbro (at GR9061S7) 
contains a 10cm wide zone of 1 x 8mm plagioclase lenses which protrude from 
the weathered surface in parallel blades and define Sm. Over a 0.2m distance 
perpendicular to this zone, plagioclases grade in degree of distortion to ' 
become the usual equant crystals. In folded, blastomylonitized Murrumbucka 
Tonalite (Fig. 4.4), the relict core of a large flattened plagioclase has 
twin lamellae which are thought to mark the local orientation of the principal 
stress planes. As such, they indicate that 01 is approximately perpendicular 
to Sm and at about 4So to the planes of simple shear, through the crystal 
(Fig. 4.S). 
(d) Large X- feldspar grains in mylonitized SOO Acre Granodiorite appear 
to be reduced to aggregates of small (sO.2mm diam.), irregularly shaped, 
straight-extincting grains, containing patches of myrmekite. Remnants are 
often deeply embayed by myrmekite which probably led to the collapse of 
large grains. 
(e) Hornblende~ usually present as large single grains or coarse 
aggregates in less deformed rocks, often occurs in mylonitic rocks as bundles 
of small (SO.3mm long) spindle-shaped grain aggregates or as "smears" of 
these spindle-shaped grains, one grain in thickness (see Fig. 4.4). 
(f) Epidote within Group-2 granites has a grainsize proportional to 
the size of its enclosing host biotite flakes. Since the latter are smaller 
in mylonitic shear-zones, then the enclosed epidote grains are smaller also. 
Epidote is notably euhedral within mylonitized granite suggesting syntectonic 
recrystallization has occurred. 
4.3.2 Faults 
4.3.2.1 Murrumbidgee Reverse Fault 
This is the major fault in the region and is also a topographic 
lithological and metamorphic isograd boundary, as previously described. 
The fault's physical surface (at GR903222, beside the Murrumbidgee River) 
is located to within a 4 metre outcrop hiatus between Group-2 and Group-4 
lithologies. Its easterly dip is implied by the trace of the fault-line 
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across the topography. Though Sf and Sm foliations dip 720 west near the 
fault, the dip of the fault itself is not precisely known. Its position 
along much of its length is inferred since it is largely covered by alluvium. 
The presence of quartz veins and fault breccia of mylonitized 500 Acre 
Granodiorite at various places along the fault (e.g. at GR927038 and GR909284 
TS 102) may indicate more recent, high-level movement. 
4.3.2.2 Clear Fault 
For 4 km from GR892246 to GR891207, occurs sporadic outcrop ~8m 
wide of coherent microbreccia with a weak flu xion-structure, (TS 101) which 
marks a new fault, henceforth termed the Clear Fault. From its position 
at GR892246 and its trace relative to topography, a moderately steep easterly 
dip is indicated. 
fault's position. 
Two reaches of the Murrumbidgee River also mark the 
Although breccia is known only from between the above grid points, 
the fault lies on one of the south-eastern Australia's prominent photoline-
aments, clearly visible on ERTS-satellite photographs. This lineament, 
expressed usually as a sharply defined topographic depression, extends 
northwards along Gap Creek, over the A.C.T. border-watershed, into the Naas 
River Valley and on to Tharwa. Some 10 km north of the map-area, a west . to 
east traverse of the Clear Range across Mt. Booth, revealed a 400 discontin-
uity in foliation-dip across the Naas River, suggesting the presence of a 
fault. Elsewhere along the traverse, foliation attitudes were gradational 
on a scale of kilometres. The fault may extend south from GR891207 along 
an arcuate topographic depression across which is a set of ~0.7 km sinistral 
lithological offsets. 
Since foliation in granites adjacent to the known extent of the 
Clear Fault is strongly developed, foliation is locally shallower along its 
trace, fault microbreccia may locally be flu xion-structured and on the 
fault's western side at GR892246, Murrumbucka Tonalite containing probable 
roof-zone keels of Gap Granodiorite, suggest that the Clear Fault may be a 
reverse-fault (western side down) and a conjugate structure to the 
Murrumbidgee Fault. The two faults delimit the zone of most intense 
flattening in the map-area. Its displacement is unknown. 
4.3.2.3 Low-Angle Thrust 
At GR896236, a shallowly dipping thrust intersects topography at 
river-level (Fig. 4.3a). Associated intense, near-horizontal jointing cuts 
71. 
all other structural surfaces. At lea st two of the map-area's four 
(roughly) east-west reaches of the Murrumbidgee River are thought to be 
controlled by this feature. Displacement (upper side westwards) is 
probably quite minor. Comparison of stereograms for SO 2 and SO 4 suggests 
however, that the thrust slice domain has been rotated relative to its 
substrate, clockwise, by some 300 about an axis plunging shallowly towards 
020
0
, implying a curved, concave-upwards shape for the thrust surface. 
Such curvature is a common feature of thrusts especially as they approach 
the topographic surface (Badgley, 1965). 
4.3 . 2.4 Transverse Structures 
Four linear zones are recognised along which minor (20 to 200m), 
localized, horizontal displacements are manifest, either as faulting 
(e.g. at GR887077) or flexing (e.g. at GR906157). Since 
(a) both types may occur together, and 
(b) flexing produces near vertically plunging warps in both the 
near-vertical lithological contacts and the Sf foliation, 
then the vertical component to displacement is probably small compared with 
the horizontal component. Displacement is sinistral for shear zones 
striking north of east and dextral for those striking south of east. 
4.4 Discussion 
4.4.1 Development and Structural Implications of 
Mylonitic Shear-Zones and Pervasive Schistosity 
Both the pervasive Sf foliations (or schistosities) and the Sm 
mylonitic foliation in the Murrumbucka region are considered to have been 
produced by pure-shear during regional compression with 01 approximately 
east-west and horizontal. A dominant simple-shear component to mylonite 
formation (as advanced first by Lapworth, 1885 in Higgins, 1971 and by 
Christie, 1960, 1963) is inconsistent with the following general features 
of mylonites described by Barber (1965) and Johnson (1965, 1967) and noted 
from within the map-area: 
(a) Fold-axes within mylonites are not uniformly oriented and folds 
within mylonites are thought to be merely local accommodation structures 
formed during pure-shear, with 01 perpendicular to Sm (rather than the 
folds implying a precise direction of tectonic transport relative to fold 
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orientation, as is required for a simple-shear mechanism of formation), 
(b) The fine-grained material in mylonite zones is distributed along 
the plane of lowest resolved shear-stress if mylonites are products of 
pure-shear (that is, with 01 perpendicular to Sm)' which is considered to be 
a more reasonable situation than if mylonites were produced by simple-shear, 
in which case the fine-grained material has to occupy the plane of highest 
resol ved shear-stress (01 at '\.. 45 0 to Sm)' 
(c) Rock-fragments within mylonite zones are consistently lens-shaped 
and flattened in the plane of Sm' When considered as representing bulk 
strain ellipsoids, these clasts imply that 01 is perpendicular to Sm i.e., 
pure-shear formation of mylonites (whereas if simple-shearing was invoked, 
no clasts in mylonite zones could represent bulk strain ellipsoids and they 
would be expected to show signs of having been rotated and hence have less-
symmetrical shapes), 
(d) intra-mineral glide- or fracture-surfaces which probably represent 
local planes of highest resolved shear-stress, are usually at angles to Sm 
(e.g., see Fig. 4.5) which is consistent with 01 being perpendicular to 
Sm (and hence mylonite formation by pure-shear) but inconsistent with 
formation by simple-shear, unless grain-rotation subsequent to fracturing 
is invoked, in which case inconsistency then arises with point (c) above, 
since rotational features are usually absent. 
With formation by pure-shear, the only tectonic transport which 
must be invoked, if a volume decrease is shown not to occur, is that 
within the mylonite zone. If a volume decrease can be demonstrated 
(either by formation of a denser mineralogy of mineral dissolution) then 
even less solid-mass transportation is required and any simple-shear 
component to the stress field should be lessened, by decreasing the 
angle between 01 and the normal to Sm' Following the example of 
Kerrick et . aZ . (1977), chemical modification by mylonitic shearing was 
studied using the method of Gresens (1967), which uses bulk-rock densities 
and chemical analyses to .determine mass-fraction differences in chemical 
components between a chemically modified rock relative to its (known) 
unmodified precursor. The composition to volume diagram (Fig. 4.6a) for 
the adjacent sheared to unsheared Clear Range Tonalite pair (analyses 75 
and 74 of Table 5.4, respectively) shows that unit volume of unsheared 
tonalite may be transformed into '\..88% unit volume of mylonite when FeO*, 
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MgO and Ti02 contents in both rocks remains constant or, expressed more 
fully, in terms of a mass equation: 
100 of unsheared tonalite No 74 + 88.3 of mylonite 
No 75 + 10.5 Si02 + 0.7 A1 203 + 0.3 CaO + 0.2 Na 20, 
suggesting that ~12% of both the tonalite1s volume and mass were lost in 
solution-form during mylonitization. Trace element chemical data gives 
strong independent support to this suggestion. Thus, compared with the 
unmylonitized tonalite and assuming trace elements are concentrated during 
mylonitization, by a factor proportional to the mass decrease (i.e. by 0~88)' 
then the real concentrations in the mylonite are: 
(i) within 2% (or data precision) for Ba, Rb, U, lr, Nb, Sc, 
V, Cr, Mn, Co, In, Ni and Ga, 
(ii) 10% lower for Pb and Sr and ~ 20-25% lower for Th, Y, La, 
Ce, Nd, and Cu, 
(iii) not greater for any element, 
than the calculated concentrations. 
These chemical data are consistent with dissolving quartz, rim . 
(sodic) plagioclase, allanite and some sulphide during mylonitization, to 
the extent of ~12% of the rock volume and mass. 
A similar analysis of the mylonitized to unmylonitized amphibolite 
pair (Nos 19 and 30 respectively) yield a composition to volume diagram 
(Fig. 4.6b) which indicates that when FeO* and Ti02 are immobile, the 
following mass equation is implied: 
100 sample No 30 + 87 .6 sample No 19 + 6.5 Si02 + 2.3 A1 203 + 
1.5 MgO + 1.8 CaO + 0.3 Na20. 
Relative to trace element concentrations calculated for the mylonitized 
amphibolite (in the same manner as that for the mylonitized tonalite above), 
the concentrations actually present are: 
(i) within 2% (or data precision) for Ba, Rb, Pb, Th, U, 
lr, Nb, Y, La, Ce, Nd, Sc, V, Co and In, 
(ii) lower by ~5% for Mn and Ga, ~10% for Sr and Cu, ~25% 
for Ni and ~65% for Cr, 
74.a 
Figure 4.6 ComRosition vs Volume diagrams for mylonitized amphibolite 
and Clear Range Tonalite, showing the volume ratio of sheared to unsheared 
rock, plotted against mass % gain or loss of major-element chemical 
components (each represented in a lettered line derived using the method 
of Gresens (1967) with measured rock densities (see Appendix C)). 
Chemical component lines are a: 5i02, b: Ti02, c: A1 2
0
3
, d: Fe
2
0
3
, 
e: FeO, f: FeO*, g: MgO, h: CaO, i: Na 20. j: K20. For both rock 
types studied, isochemical behaviour of certain low-mobility components 
(FeO* for the sheared amphibolite and FeO* + MgO for the sheared tonalite) 
occurs for volume ratios of <1 (as arrowed), that is, when mylonitization 
is accompanied by a decrease in rock mass and volume. For chosen volume 
ratios, mass equations relating sheared to unsheared rocks (see text ), 
may be read straight from the diagrams. 
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(iii) not higher for any el ement. 
These results are consistent with dissolution of plagioclase, a calcium-
containing ferromagnesian mineral (e.g. hornblende or clinopyroxene), 
sulphides and possibly chrome-magnetite (known to occur in mafic Murrumbucka 
Tonalite: see Appendix E), to the extent of "' 12% rock mass and volume, 
during mylonitization. Though the above two examples refer to diverse 
rock-types, the same behaviour (i.e. a m~ss and volume decrease) and extent 
of behaviour was shown to occur, during mylonitization. Features of low-
grade pressure-solution cleavages in sediments, have been interpreted by 
Stevens et . aZ. (1979) and Beach (1979) as indicating their formation by 
pure-shear, involving silica dissolution and attendant metamorphic reactions, 
resulting in an overall volume reduction. Mylonites in the Murrumbucka 
region may therefore be considered as high-grade analogues of these low-grade 
structures. 
4.4.2 Emplacement Mechanisms for Amphibolites and Some Granites 
4.4.2.1 Clear Range Tonalite 
The Clear Range Pluton has an elongate tear-drop shape, 11 km wide 
in the north (Snelling, 1960) and vanishing finally as thin discontinuous 
sheets extending southwards as far as Cooma township (Joplin, 1939; Hopwood, 
1976). If the narrow positive Bouguer Anomaly (Fig. 4.7) extending south-
wards from the 
Pluton beneath 
for this body. 
elongation: 
Murrumbucka region, images the southern extension of the 
Cooma, then an elongate, upright, wedge-like shape is indicated 
All of the following may have contributed to the Pluton's 
(a) the region's strong vertical structural anistropy (Hopwood, 1976; 
P. Hayden, pers . comm.) should exert shape-control upon a rising diapir, 
(b) a density- or viscosity-contrast between two juxtaposed lower-
crustal layers (as may occur beneath the 1-S line, traced beside the Clear 
Range Pluton, where Precambrian crystalline basement on the west is thought 
to abut mantle-derived lower crust on the east (White et . aZ .~ 1974)) can 
initiate a linear diapir (Stephansson, 1972), 
(c) reactivation of a basement lineament, producing a stress-field (if 
not a fault), along which ascending magma-bodies may be guided (White et . aZ . 
1974; White et . aZ .~ 1976; Chappell et . aZ .~ 1977; Pitcher & Bussell, 
1977; Heideker, 1979): 
(d) Subsolidus deformation and/or appropriate faulting of a less 
elongate pluton. 
76.a 
Figure 4.7 Regional Bouguer Gravity anomaly map (sca le: 1: 530 ,950; 
north-point scale-bar: 25 km; contours in mil ligals; assumed density 
2.67 gcm- 3; source: B.M. R. 1:250,OOO-scale bouguer anomaly map, 1980). 
Granites (stippled) are as follows: 1: Murrumbidgee Ba tholith, 
2: Cootralantra Pluton-composite (Berridale Batholith), 3: Gingera 
Batholith, 4: Urialla (west) and Watchbox (east) Adamellites (Bega 
Batholith: B.B.), 5: Tinderry Granodiorite (B .B.), 6: Michelago 
Pluton-composite (north) and Koolambah Adamellite (south) and Sapling 
Creek Adamellite (west) (B . B.) Adamellite (south) and Sapling Creek 
Adamellite (west) (B .B.), 7: Cooma Granodiorite, 8 : Myalla Rd 
Syenite. The diagram shows a gravity-ridge extending from the Clear 
Range Tonalite of the Murrumbidgee Batholith , southwards through the 
Cooma region. 
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Figure 4.8 Chemical zonation of the Clear Range Pluton: a transverse 
section, from GR832227 (sample-site 2), at the western edge of the pluton, 
to sample-sites 3, 4, 7 and 8 (see Table of analyses, 5.4). The last 
site is close to the contact with the Murrumbucka Tonalite (GR868248) 
shown as fine parallel lines. Data for the proximal sample No 9 of the 
latter granite (see Table 5.5) is also plotted (star). The Clear Range 
Pluton is shown to be symmetrically zoned from a relatively felsic axial 
region outwards to relatively mafic margins. 
77 . b 
Rb (ppm) 
Figure 4.9 Chemical zonation of the Clear Range Pluton: contoured 
plans show the pluton to be co nc entr ically zoned, being more felsic in 
the north and along its meridional axis . Data of the 23 unaltered 
samples (Joyce, 1970; this work, see Table 5.3) were used, the samp l e-
sites of which are plotted on the FeO* diagram; sample-sites used to 
compile the transverse section of Fig. 4.8 are those between the arrows; 
Granites other than Clear Range Tonalite occur within the stippled area; 
geology of the bifurcated south-eastern lobe is not known. 
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The extent of the last process (see folding of igneous contact 
in fig. 2.4b) is unknown as ambiguity arises between the extent of 
subsolidus-deformation and that occurring above the solidus. Water-poor 
magmas near their solidus temperatures have enormous viscosities (up to lOB 
poise: Shaw, 1963; Younker, 1977), indicating that significant shear-
stresses may be sustained, probably long enough to develop a strong foliation 
and to flatten xenoliths, within the outer parts of a pluton during emplace-
ment (Chappell, 1966; Pitcher & Berger, 1972; Chappell & White, 1976). 
Numerous similarities exist between the Main Donegal Pluton as described by 
Pitcher & Berger (1972) and the Clear Range Pluton. Both are elongate, have 
two foliations (well developed at the edge), flattened xenoliths, "ghost 
stratigraphy" extending into the granite from thin sheets of country-rock 
(which are better developed at one end of the exposed pluton than the other) 
and also an aureole resembling high-grade regionally metamorphosed schists 
with a higher pressure regime indicated than in the aureoles of nearby 
granites. They both contain subsolidus biotite + epidote + allanite 
assemblages which may be interpreted as suggesting that both granite magmas 
have above-minimum viscosities. (The implied selective subsolidus mobility 
of Ca, LREE's and Th is thought to be accomplished by complexing with CO2 (Cruikshank et . al . 1980) which suggests that CO2 was a significant component 
in both magmas, ensuring that aH20 in the melt was <1 even if free vapour 
was present (Wyllie, 1977; Swanson, 1979), so implying above-minimum magma 
viscosities (Shaw, 1963; Burnham & Davies, 1971).) Considering all of 
these similarities, the conclusion by Berger & Pitcher (1972) that the Main 
Donegal Pluton was emplaced by forceful lateral wedging of a viscous magma, 
may apply similarly to the Clear Range Tonalite. Both the latter granite's 
intricate southern country-rock contact and the symmetrical chemical zonation 
patterns in transverse section across the pluton (Fig. 4.8) and over its 
total area (Fig. 4.9) are consistent with the magma being emplaced upwards 
and to the north. 
4.4.2.2 Murrumbucka Tonalite 
This body is almost completely surrounded by the Clear Range 
Tonalite and has a mappable contact aureole. It was therefore emplaced 
into the latter body. The Murrumbucka Tonalite has abundant sedimentary 
calcareous xenoliths and its magma's melt component is thought to have 
contained the bulk of the Th and LREE's (see Chapter 6). These features 
are considered to be signs of there having been a significant C02-component 
to the magma. Accordingly,the Murrumbucka Tonalite magma was probably also 
quite viscous. The foliation Sf is thought to have developed during the 
2 
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following emplacement of this body. The Murrumbucka Tonalite therefore may 
also have intruded by a wedging process. Meridional elongation could 
be due to reasons analagous to those proposed to account for elongation of 
the Clear Range Pluton (noting that the foliation Sf is thought to have 
1 
developed in the Clear Range Tonalite prior to Murrumbucka Tonalite intrusion). 
4.4.2.3 Amphibolite Emplacement 
Amphibolites usually occur as dykes parallel to the Sf foliation, 
intruding Group-2 granites over a time-interval bracketing those of both the 
Murrumbucka Pluton and the 500 Acre dyke-swarm intrusion (see Ch. 2). 
Foliation development may have predated amphibolite intrusion,thereby 
facilitating their similar attitudes (which must have been enhanced by 
regional flattening). Analogies exist between the spatio-temporal granite 
and amphibolite association of the Murrumbucka region and that described by 
Pitcher & Berger (1972)for the swarm of minor mafic bodies (dykes, sheets, 
sills, pods, diatremes) surrounding the (diapirically intruded) Ardara 
Pluton in the Donegal Batholith. In the latter case, intrusion of the 
mafic bodies largely pre-dated that of the granite and their magmas are 
regarded (op . cit .) as having been liberated from depth in association with 
granite magma development but, due to their lower viscosities, they 
preceded the granite diapir and were emplaced into the latter's stress-
produced dilations of the surrounding country-rocks. In the Murrumbucka 
region, a similar situation may have arisen during emplacement of the 
Murrumbucka Tonalite, which has few intruding amphibolites compared with 
other Group-2 granites (see Map 1). Dilationary structures are to be 
expected however, during the regional doming described below so amphibolite 
emplacement therefore may have no essential ties with the development and 
emplacement of the Murrumbucka Tonalite's magma. 
4.5 Tectonic Interpretation 
Ramsay & Graham (1970), Schwerdtner (1973) and Wakefield (1977) 
have shown that pervasive schistosity forms in a plane perpendicular to the 
shortest axis of the bulk finite strain ellipsoid and is the high-grade 
analogue of slatey cleavage in low-grade rocks. Both are therefore products 
of pure-shear. They show that across high-grade shear zones, a progressive 
swing in foliation trend of up to 450 can exist from the edges where 
foliation is weakest, to the centre, where foliation is strongest. Such 
shear-zones may be tens of kilometres across (Wakefield, 1977). Pervasive 
shearing across the entire Murrumbucka region associated with development 
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of the Murrumbidgee Fault could not produce the entire fan-structure of the 
Sf foliation since: 
(i) across section SSl (Map 2) in the north, the strong 
foliation is fanned over a range not less than 450 , and 
(ii) section NN 1 (Map 2) in the south has a strong foliation 
fanned over an 850 range. 
The fan structure is considered to have developed in two stages, firstly: 
the eastern side, with Sf produced during and following emplacement of the 
1 
Clear Range Tonalite and associated with development of the Murrumbidgee 
Fault and numerous early mylonites and secondly : the western side with Sf 
2 produced during and following emplacement of the Murrumbucka Tonalite and 
associated with the generation of the later mylonites. 
The western edge of the fanned foliation structure is marked by a 
locus of low dips, quite analogous to that on the eastern side which traces 
the position of the Murrumbidgee Fault. The former locus is therefore 
considered to trace structures conjugate to the Murrumbidgee Fault, of which 
the Clear Fault in the north may be an example. In the south, no fault has 
been observed. Here, the region's shallowest foliation dips may trace an 
alternative structure, such as a fold-axis. The Murrumbucka region is 
interpreted as having a meridionally axised domal structure. It is note-
worthy that the cooling rate deduced from the Cooma Granodiorite (Tetley, 
1979; Tetley et . at. ~ in prep .) is significantly lower than for granites 
of the Berridale Batholith (op . cit .; Chappell et . at. , 1978). In detail, 
a bulge may actually be resolved in the Cooma Granodiorite cooling curve, 
with an inflexion to an increa sing cooling rate occurring at ~412 my . as 
deduced from preliminary data Tetley et . al .) in pr ep .; see Appendix D) . 
Such an effect could be due to regional uplift and doming associated with 
intrusion of the Murrumbucka Tonalite, since linear extrapolation of this 
granite's mean cooling-rate (defined by regression of K-Ar hornblende and 
biotite ages with the relevant Cooma mineral blocking temperatures) to a 
solidus temperature of ~7300 (i.e., somewhat above that of 685 0C deduced 
for the lower melting, Gap Granodiorite; see Chapters 3, 6) yields a 
hypothetical solidification age for the tonalite, of ~13 my . 
Figure 4.10 shows 2 hypothetical east-west sections through the 
foliation fan, at SS l and NN 1 (Map 2). In Fig. 4.11 these sections are 
combined to form a 3-D model showing an outline of the proposed domal 
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Figure 4.10 Two tran sverse sections perpendicular to Sf foliation, through the Murrumbucka region 
((a) is section SS' and (b), section NN' of Map 2), showing the fanning of the foliation and its 
relationship to the two loci of low dips. These loci are considered to trace the positions of major 
displacive structural surfaces (e.g.: the Murrumbidgee and Clear Faults) and the region is accorded a 
domal structure, with an axis sub-parrt llel to the Sf foliation's strike (ie., perpendicular to the 
above sections). 
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Figure 4.11 3D-structure of the Murrumbucka region, constructed from 
sections (a) and (b) of the previous figure, showing the proposed, south-
wards-broadening regional dome. The zone of Sf-foliation fanning (6), 
is bound on the east by the Murrumbidgee reverse fault (trace: 1) and 
on the west by complementary structures (e.g., the Clear Fault: 3) 
intersecting topography along the western locus of low dips (3, and the 
line's dotted southern extention).. The angle between lines 2 and 4 in 
each component-section shows the extent of Sf-foliation dip-variation. 
Lines 5 which outline the dome, trace for each section, the stylized 
contact between Upper Ordovician flysch and overlying Silurian 
volcanics. .. 
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Figure 4.11 3D-structure of the Murrumbucka region, constructed from 
sections (a) and (b) of the previous figure, showing the proposed, south-
wards-broadening regional dome. The zone of Sf-foliation fanning (6), 
is bound on the east by the Murrumbidgee reverse fault (trace: 1) and 
on the west by complementary structures (e.g., the Clear Fault: 3) 
intersecting topography along the western locus of low dips (3, and the 
line's dotted southern extention). The angle between lines 2 and 4 in 
each component-section shows the extent of Sf-foliation dip-variation. 
Lines 5 which outline the dome, trace for each section, the stylized 
contact between Upper Ordovician flysch and overlying Silurian 
volcanics. 
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structure as indicated by the hypotheti cal position in space of the contact 
between Upper Ordovician quartz-rich flysch and the overlying Silurian 
Volcanics beneath the Late-Silurian Bransby Beds. This outline overlays a 
photograph looking south across the map-area, from near the "apex" of 
the fan-structure, at the latitude of Mt. Clear. 
Normal faulting (which may be evi denced by non-fluxion-structured 
fault-breccia noted on the Clear and Murrumbidgee fault-lines) (TS's 101, 
102), is thought to be the only deformation not able to be formed during 
regional compression with an east-west oriented, approxi mate ly horizontal 
axis of principal stress. A possible sequence of deformational events and 
consequent development of structural features is given in Table 4.1. 
Table 4.1 Model tectonic history of the Murrumbucka region . 
£V l ~ T 
1- UPllcr-Ordov lclan sedimcn tdt lOn. Ii) So (beddinq) . , 4S0 ! 1\ my. (Pidgeon & CompH on. 
(i,) So (c;.olution t ran \ fcr c1CdvdgC ?) 1965) . 
2. Regi ona 1 East-Wes t Compression. (i ) So ( transrosit i on ?) 
( ii ) f l (o ldlng produc ing 51 s latey c l cdvage. 
l . Group 4 Volca nics deposi t ion. ( I) So (bedding). Bra nsby Beds are probably con ti nuous with 
l a idlaw vol can ics to the north. B. Ouff 
lr r1'D . .. , ..... . ) wh ic h gl ve a K-A r bio tite age 
o f 419 ! 2 my. (,·(00ug.l1 r t a l. . 1978). 
.. Empl acement of Cl ear Range (i) f l fold t ightening in OrdO VIcia n '17 ! IJ (see Ch.p t er l ) . 
Tonal i t eo (11 ) Sf I fol lallan deve lorrcn l i n ( led r 
Range and 500 Ac re Gra ni tes. 
(iii) Oevelopnen t of ~'urru~bidgce Fau lt. 
( Iv) rOrT'''' t ion of C'ar l y my loni l es. 
S. ( mp la cement of Nost J\r\phiho l l t cS . 
6. ( mp 1 aCcmen t of Murruo lbuc ~ a (,) Developr"cn t of Sf
2 
fol i ati on in (IT'placelflCn t dQe ~ 'O' . 1 ! l .S ny. IK- Ar 
Tonal i teo hO rnblende sepa rate aqe on Sampl e No 25. 
Murru",buc ~a lonal i t e and surroundi"g by Tetley, 1978) . 
cOllntry· rock . especia ll y the Cl ea r 
Ran9c Tonall teo 
( ;, ) Dcvelopmen t o f con ugate s truc tures to 
the ~'u1'rumbidgee faul t (e.g.: Cl ea r 
f .u l t) t hat Is Murrumbuda Reg i onal 
DomIng. 
(i i i) formation o f l ate my loni tes end o f 
myloni te forma ti on probab l y represents 
cessation o f bio t i te recrys tal lization 
dnd possib l e c l osur(' o f hio tite to 
II '" fjon 10<;'" ~,. Ar (~Io t i t(' : S •• ?Id 
at 19l 2. S my. ( Te tl ey , 1978) . 
( I v) f orrld li on of second qenl.' rat ion folds 
(f 2' f 2 foldrd f'Jl"1y mvlonl tes) 
. (v) ? Ocv(' lol'olf'n t o f crc"u l.H lon c )('tlva'!I' . 
\. 
( vi ) ro rmH;on o f lransver<;e struc tures wi th 
d ' \ll1tlCrrrrll l .. rn .. C's <;ynfl '(' l rica l (l hou t 
a v(' !'t led t . ( . w l' l .lnr. 
( vii ) l ow-dng l e thrust 1n9 and ncar· 
ho rizon ta 1 jo int deve l opmen t. 
82. 
CHAPTER 5 
G E ° C HEM I S TRY 
5.1 Introduction 
This chapter seeks to describe t he major chemical features of 
lithological Groups 1 to 4. Interpretation of these and other features 
bearing on petrogenesis of the region's granites, is undertaken in the 
next chapter. 
From Groups 1 to 4, a total of 80 rock-samples and 13 mineral 
separate samples (Table 5.9) were chemically analysed for major and trace 
elements. Samples consist of 34 granites, 2 aplites, 26 xenoliths, 9 
amphibolites, 6 gneisses and 3 volcanic rocks. They are described group by 
group. Total iron as FeO (FeO*) is often used as the reference component 
usually has a large range of values, can be measured with high precision 
and is less subject to open-system metamorphism than most other components 
(an important consideration for samples from the Murrumbuc ka region). For 
clarity, granite suite regressions are often plotted, rather than point 
data (regression data: Appendi x G). 
5.2 Group-1 
5.2.1 Description 
6 gneis ses ranging from a quartz-poor pelite (sample 80) to a 
psammite (sample 39) were analysed. Of these, sample 32 (a biotite + 
K- feZdspar + andaZusite + cordierite + quartz assemblaged pelite) is the 
only analysis from western zone rocks. 
Of the 6 Gap Granites analysed, No 65 has much metasomatically 
introduced CaO and Na 20, as described in Chapter 3. This sample's high 
Sr, V, Mn and Zn but low Ba and U contents relative to those in the other 
granites (see Table 5.1), · are probably due to the same contact metasomatic 
process. The trace-element Zosses could be associated with K-feldspar 
destruction in the original Gap granite, during metamorphism, whilst the 
gains could be due to transfer from the Clear Range Tonalite contact variant, 
associated with destruction of the latter's albitic rim-plagioclase (releasing 
Sr and Mn) and biotite (releasing V, Zn and Mn) in accordance with the 
· 83. 
proposed muscovite-generating reaction (see Chapter 3), the ubiquitous 
occurrence of corroded biotite (see Chapter 2) in that variant and the 
trace-element contents of Clear Range granite mineral separates analysed 
by Joyce (1973a). 
Figure 5.1 shows 8 chemical variation diagrams each plotted against 
FeO*, depicting data of the Cooma Suite granites and the gneisses. Refer-
ences consisting of the Clear Range Tonalite regression line and the data-
point for the mean of 22 Upper Ordovician metaflysch analyses (6 from this 
study together with 16 from the Kosciusko region (Wyborn, 1977)). The 
metasediments analysed in this study show systematic variation diagram 
trends against FeO* for Ti02, A1 203, Fe203, FeO, MgO, Sc, V, Cr, Co and Ga, 
which are the least mobile chemical components. Off-trend anomalies for 
other elements can be attributed to open-system metamorphic effects. Thus 
samples 26 and 80 (both within ~5m. of the Clear Range Tonalite) have high 
Na 20, CaO, Sr and Mn as well as low K20 and Rb compared with the trend 
defined by the other 4 samples. The 5 least altered Gap granites form a 
consistently well-defined clustering on variation diagrams for most components. 
5.2.2 Comparisons 
Figs. 3.5 and 5.1 show that the Cooma Granodiorite can be neither 
modally nor chemically distinguished from Gap Granodiorite. Upon the basis 
of these similarities, together with the petrographic similarities described 
in Chapters 2 and 3, Gap Granodiorite is grouped as part of the Cooma Suite. 
Linear interelement variations, though diminuitive, do occur in the Cooma 
Suite point-cluster for some elements (e.g.: against A1 203, MgO and Zr in 
Fig. 5.1) which in each case, are subparallel with and plot within the 
relevant gneiss trend. The granites however, have higher Na 20, CaO, Sr and 
Mn contents, than do gneisses for the same FeO* range. The granite's 
A1 203 ) 
molecular A indices (mol. ° C ° are thus, lower than the \' Na20 + K2 + a 
comparable portion of the gneiss trend. 
These data demonstrate the close chemical similarities between an 
S-type granite and its source sediments. They also indicate consistent 
chemical di ffer ences (namely higher contents of Na 20, CaO, Sr and Mn) which 
are considered to have petrogenetic significance (see Chapter 6). 
Tabl e 5.1 Analyses of Gap Granodiorite (first 6) and Upper Ordovician flysch gnei ss. 
Sample . 
Si02 
Ti02 
A1 20 3 
Fe203 
FeO 
MnO 
MgO 
CaO 
Na20 
K20 
P20 5 
5 
H20+ 
H20-
CO2 
res t 
0:5 
1 6 
71. 77 
0.60 
13 . 52 
0 . 64 
3 . 46 
0.04 
1. 85 
0.77 
1. 52 
3.75 
0.08 
0.02 
1. 62 
0.08 
0.02 
0.19 
99.93 
0.0 1 
99.92 
Trace elements 
Ba 49 5 
Rb 201 
Sr 
Pb 
Th 
U 
Zr 
Nb 
y 
La 
Ce 
Nd 
Sc 
V 
Cr 
Mn 
Co 
Ni 
Cu 
Zn 
Ga 
104 
31.0 
24.2 
3.8 
206 
12 . 5 
44 
33 
77 
26 
12 
65 
68 
335 
13 
24 . 5 
7.0 
77 
17.2 
2 4 
69.03 
0.66 
14.39 
1. 02 
3.53 
0.06 
2.30 
0 .88 
1. 26 
4.10 
0.14 
0.02 
1. 93 
0.08 
0.12 
0.19 
99.71 
0.01 
99.70 
550 
157 
105 
27.0 
20.4 
3.4 
194 
13 .0 
28 
33 
74 
24 
12 
73 
82 
430 
13 
26.0 
8.5 
79 
18.2 
60 
71.75 
0.56 
13 .87 
0.69 
2.95 
0.04 
1. 70 
0.88 
1. 41 
3.58 
0.16 
0.03 
1. 8 4 
0.12 
0.09 
0.19 
99.86 
0.01 
99.85 
620 
147 
139 
38 . 5 
2 1.6 
2.6 
200 
10.0 
29 
25 
61 
19 
11 
61 
68 
345 
9 
18.5 
3.0 
72 
16. 4 
66 
70.43 
0.67 
14.15 
0.57 
4 .10 
0.06 
2.16 
1. 33 
1. 5 2 
3.25 
0 . 08 
0.03 
1. 21 
0.07 
<0 .01 
0 . 20 
99.83 
0.01 
99.82 
585 
141 
152 
24.5 
26.0 
2.8 
201 
12.0 
42 
35 
80 
26 
14 
81 
76 
495 
16 
25.0 
13.0 
77 
16 . 4 
68 
70.15 
0.63 
13.96 
0.86 
3.43 
0.06 
2.08 
1. 7 4 
1. 45 
3.13 
0.11 
0.03 
1.74 
0.06 
0.30 
0 . 19 
99.92 
0.01 
99.91 
525 
138 
190 
27.5 
16.2 
2.4 
199 
11. 5 
21 
24 
54 
1 7 
12 
84 
69 
4 35 
13 
21.0 
19.5 
78 
16.0 
65 
66.92 
0.66 
15 . 16 
1. 07 
4 . 32 
0.06 
2.65 
2.34 
1. 60 
2.95 
0.11 
0.02 
1. 46 
0.12 
0.16 
0 . 19 
99.79 
0.01 
99.78 
435 
137 
196 
24.5 
17.8 
1.4 
190 
12.5 
34 
27 
6 1 
2 1 
15 
109 
73 
500 
18 
23.5 
14 . 0 
106 
18.6 
80 
50.24 
0.93 
26.21 
1. 35 
7.55 
0.20 
5.23 
1. 8 5 
1. 33 
2.05 
0.04 
0.03 
2.50 
0.13 
0.19 
0 . 20 
100 .03 
0.01 
100.02 
540 
107 
103 
13 . 5 
23.6 
2.4 
112 
14.5 
27 
37 
83 
28 
20 
129 
159 
1585 
25 
39.5 
1.5 
100 
32 . 0 
32 
57.43 
0.82 
21. 57 
1. 0 2 
6.53 
0.05 
3.93 
0.16 
0.85 
5.46 
0.12 
o . 16 
1. 63 
0 . 06 
0.48 
0.26 
100.53 
0.08 
100.45 
:·l)O 
258 
78 
40 . 0 
20 . 2 
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114 
15.0 
33 
34 
76 
28 
20 
124 
131 
4 20 
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52 
50 
149 
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15 . 39 
1. 00 
4.24 
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2.76 
0.08 
0.41 
4.24 
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2.23 
0 . 16 
0.13 
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99.97 
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43.5 
15.0 
19.4 
4.0 
223 
15.5 
30 
33 
81 
27 
1 4 
93 
116 
330 
21 
26.0 
10.0 
102 
20.8 
58 
73.79 
0.68 
12.53 
0.85 
3 . 22 
0 . 03 
2 . 18 
0.24 
0 . 8 4 
3.16 
0.15 
0.02 
1.66 
0.14 
0 . 09 
0.17 
99 . 75 
0.01 
99 . 74 
370 
154 
65 
20.5 
16.4 
3.2 
223 
12.5 
28 
31 
7 4 
26 
11 
70 
79 
220 
13 
20 . 0 
11. 0 
85 
16.2 
26 
7 6.5 3 
0. 47 
11 .76 
0 .59 
2. 1 9 
0 . 03 
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1. 09 
1. 69 
2.65 
0 . 15 
<0 . 02 
1. 2 4 
0 . 08 
0 . 11 
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99 . 8 7 
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110 
16 4 
41. 5 
19.0 
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2 4 0 
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Figure 5. 1 8 chemica l variation diagrams plotted against FeO* from 
data of Cooma Suite granites (circle : Cooma Granodiorite, squares: 
Gap Granod iorite) and Upper Ordovic i an gneisses (crosses) . A mean of 
22 fl ysc h ana lyses (solid ci rc le, see ana lysis 15 of Tab l e 6. 1) as 
we ll as Cl ear Range Sui te regress i on l ines (short l ines or fi eld ) are 
shown fo r ref erence. The l onge r dotted line i s a regress ion of the 
data of the s i x gnei sses . 
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5.3 Group 2 
5.3.1 500 Acre Granodiorite 
The most pervasively deformed rocks in the map-area are from this 
unit, which is largely located in a narrow (~2 km. wide) strip, fault 
contacted against Group-4 lithologies. They are also considered to have 
been chemically modified since intrusion (for example, note the high LREE 
and Th values from analysis No 1, Table 5.1) however, unlike the chemical 
modifications of the Clear Range Tonalite (described in Chapters 3 and 4 and 
also below), its extent is unknown: there is no suitable undeformed material 
with which it may be compared. Field and petrographic features suggest 
affiliations of this unit with the Shannons Flat Adamellite. Both granites 
lack xenoliths, have numerous associated aplites and pegmatites, are 
relatively felsic, are adamellitic for comparable silica contents, contain 
very dark-brown coloured, Ti02-rich biotites of comparable compositions 
(see Table 5.9; Joyce, 1973a) and also contain magnetite, though that in 
the 500 Acre Granodiorite appears to have been largely destroyed during 
metamorphism. 
The 5 analyses (Table 5.2) however, do delineate many chemical 
trends as shown on plots against silica in Figure 5.2, together with refer-
ence regressions of data for the Clear Range Suite (Joyce, 1970; this ' 
work) and the Shannons Flat Supersuite (that is, unpublished data of Chappell 
of the Dalgety Suite plotted together with data for the Shannons Flat Suite 
of Joyce, 1970). For plots against A1 Z03, CaO and Sr, fields for the 
constituent suites of the supersuite are sufficiently different to warrant 
plotting the Shannons Flat Suite data regressions as well. The figure shows 
that the 500 Acre Granodiorite resembles the Shan nons Flat Adamellite more 
closely than the Clear Range Suite. The greatest departure from the 
reference regressions is with Cr. Closest resemblance to the 500 Acre 
Granodiorite i s with the northern 7 samples of the Shannons Flat Adamellite, 
shown to be both chemically (Joyce,1 973c) and isotopically (Roddick & 
Compston, 1976; see isochrons on Fig. 3.6) distinct from granite of the 
pluton's southern end. Despite the probable subsolidus chemical modific-
ations to the 500 Acre Granodiorite, the field, petrographic and chemical 
data described have been interpreted as indicating that this granite belongs 
to the Shannons Flat Suite. 
86. 
Table 5.2 Analyses of 500 Acre Granodiorite 
5ample# 61 67 1 40 20 
5i02 72.56 68.14 69.24 74.85 77.00 
Ti02 0.28 0.70 0.73 0.23 0.05 
A12 03 13.86 15.41 14.68 13.04 12.46 
Fe203 0.56 0.72 1.09 0.57 0.14 
FeO 1. 32 3.47 3.18 1.66 0.06 
MnO O. 03 0.05 0.03 0.03 <0.01 
MgO 0.87 1. 84 1.16 0.50 0.07 
CaO 2.54 2.97 3.99 1. 7 5 0.65 
Na20 2.64 2.47 2.34 3.00 2.34 
K2 0 3.86 2.31 2.16 3.39 6.34 
P20 5 0.04 0.05 0.05 0.05 0.01 
5 0.03 0.03 0.03 <0.02 <0.02 
H2O+ 0.76 1. 38 0.90 0.58 0.37 
H2 O- 0.12 0.11 0.09 0.08 0.08 
CO 2 0.11 0.11 0.17 0.10 0.08 
res t 0.16 0.15 0.25 0.19 0.09 
99.74 99.91 100.09 
0=5 0.01 0 . 01 0.01 
99.73 99.90 100.08 100.02 99.74 
Trace elements 
Sa 450 265 450 765 185 
Rb 174 126 98 127 223 
5r 140 264 269 137 41.0 
Pb 32.0 26.0 22.5 33.0 50 
Th 25.4 9.4 94 25.6 23.6 
U 1.6 2.2 2 .0 3.2 3.2 
Zr III 127 164 161 77 
Nb 12.0 13.0 10.0 9.5 2.5 
Y 35 23 26 49 21 
La 51 18 162 36 21 
Ce 90 38 369 8 1 45 
Nd 43 12 144 30 . 18 
5c 11 14 12 9 3 
V 31 93 88 15 1 
Cr 36 48 26 25 14 
Mn 245 365 205 210 25 
Co 10 16 8 6 2 
Ni 6.5 19.5 6.0 3.5 1.0 
CU 3.0 8.5 6.5 0.5 3.0 
Zn 29 78 61 50 1 
Ga 14.6 17.6 17 .4 16.6 11.0 
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Figure 5. 2 8 chemical variation diagrams plotted aga inst 
Si02 , from 500 Acre Granodiorite data (circles ), together with 
reference regression lines for the Clear Range Su i te (dash-dot 
line ), the Shannon s Flat Suite (solid line) and the Shannons 
' 0 
1 
75 
Flat + Oalgety Suites (the Shannons Flat Supersuite: dashed line). 
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5.3.2 Clear Range and Murrumbucka Tonalites 
5. 3. 2. 1 Description 
On the basis of modes (Appendix E), petrography (see Chapter 2) 
and chemistry (Table 5.4), 7 of the 13 analysed samples of this unit (Nos 62, 
74, 35, 8, 2, 7 and 4) are considered to be the least altered. The first 
three are of the recrystallized variant whil st the last four are of the 
unrecrystallized variant. Relative to the chemical trends described by a 
comparison of these samples, two others are marginally altered. These are 
firstly the sheared, K-feldspar-depleted (see Table 5.4) sample No 3 (which 
is thought to have lost at least some K20, Rb and Pb, e.g.: see Fig. 4.8), 
and secondly, the country-rock contact variant, sample No 34 (considered to 
have lost CaO, Na 20 and Mn; see Chapter 3) . Altogether, these 9 samples 
have been included with 22 analyses of Joyce (1970) to define the chemical 
variations characteristic of the Clear Range Suite. Data points for samples 
43, 70 and 75 falloff the Clear Range Suite trends so defined. Sample 43 
comes from within 10 metres of the contact with the map-area's largest 
amphibolite dyke ( ~ 50m wide, 2 km. long) and despite its low K20 value (Table 5.4), contains veins of K- feldspar + iron-rich epidote . Samples 70 
and 75 have been blastomylonitized. They are therefore considered to have 
been rendered more mafic than their unmylonitized precursors, by selective 
felsic phase dissolution during mylonitization (see Chapter 4). 
All 13 samples of the Murrumbucka Tonalite analysed (Table 5.5) 
are not noticably altered, except perhaps for the strongly foliated, horn-
blende-free sample No 37 and the mafic sample No 76 which, relative to the 
rest, have high and low REE's, respectively (see Fig. 6.2). Their analyses, 
together with one by Joyce (1970) have been used to define the chemical trends 
for this Tonalite. 
5.3.2.2 Comparison 
688 chemical interrelationships (each described by a linear 
correlation coefficient (r2)) are tabulated in the matrices of Table 5.3. 
Only those for which the confidence level exceeds 95%, have been recorded. 
Thus a value of /r/ ~ 0.5 for Murrumbucka Tonalite data (14 samples) or a 
value of /r/ ~ 0.35 using Clear Range Suite data (29 samples) indicates a 
correlation between variables which could be predicted with ~ 95% confidence. 
Each correlation is a function not only of the component's geochemical 
relatedness but also of factors such as analytical precision, absolute 
abundance and sample quality. The poor correlations with Zr are probably 
89. 
due to sample inhomogeneity since thi s element occurs largely in the hard, 
poorly cleaving mineral: zircon. Taking such factors into account, most 
of the correlations could be predicted upon standard petrochemical grounds 
so a detailed discussion seems unnecessary. 
of the tabulation however, are noted: 
The following general features 
(a) The highest degree of correlati on with the greatest number of 
components occurs with MgO, Si02 and FeO* so that chemical variation diagram 
comparisons amongst the granite suites are best undertaken using these 
components for reference. 
(b) Much greater inter-component linearity occurs in the Murrumbucka 
Tonalite than in the Clear Range Suite, 
(c) Distinctly different trends are inferred by certain correlations 
within one granite compared with the same correlations in the other. For 
instance, LREE's have negative correlations with Si02 and positive 
correlations with MgO and FeO* in the Clear Range Suite, but in the 
Murrumbucka Tonalite, these correlations are inverted. 
Figure 5.3 shows plots of 16 components, each against FeO*, which 
depict some significant differences between granites of the Clear Range, 
Murrumbucka and Cooma Suites. The following features are considered to be 
of significance: 
(a) Data of the Cooma and Clear Range Suites generally scatter the 
most, 
(b) Most distributions show a distinct linearity and none describe 
curves, 
(c) The Murrumbucka Tonalite is distinguishable from the Clear Range 
Suite on all plots, 
(d) Relative to those of the Clear Range Suite, Murrumbucka Tonalite 
trends have higher MgO, CaO, Sr, Cr and Ni but lower Si02, Ti02, A1 203, Na20, 
K 
° 
A . d: Rb Z d G 2' ln lces, Sr' r an a, 
(e) Relative to those of the Clear Range Suite, Cooma Suite distrib-
utions have higher Si02, Ti02, A indices, Zr and Th but lower A1 203, MgO, CaO and Na 20, 
ttl 
o 
0'\ 
Table 5. 3 Correlation matrices for the Clear Range (n = 29) and Murrumbucka (n = 14) Suite 
granites (lower-right and upper-left, respectively), showing linear correlation 
coefficients for correlations at ? 95% confidence level (Fisher & Yates, 1963) . 
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Table 5.4 
Samole. 6 2 
65 .0 4 
0 .73 
Si 0 2 
Ti 0 2 
1'. 12°) 
Fe20) 
FeO 
MnO 
MgO 
Ca O 
Na20 
K20 
P20 5 
5 
H20+ 
H20-
CO 2 
r es t 
0=5 
T r ace 
Ba 
Rb 
S r 
Pb 
T h 
U 
Zr 
Nb 
y 
La 
Ce 
Nd 
Sc 
V 
C r 
Mn 
Co 
Ni 
Cu 
Zn 
Ga 
14 .82 
0.9 1 
4. 65 
0.06 
).27 
3.98 
1. 73 
2 . 91 
0.12 
<0 . 02 
1.18 
0.11 
0 . 11 
0.20 
99.82 
elements 
4 75 
142 
160 
19 . 5 
19. 4 
1.2 
168 
11.0 
15 
43 
88 
32 
20 
1 23 
11 8 
470 
21 
31. 5 
22 . 5 
8 3 
18 .2 
Analyses of Clear Range Tonalite. 
74 
65.2 3 
0 .6 7 
14 .95 
0 .87 
4 .59 
0 .09 
3 . 14 
3.99 
1. 69 
2 . 9 1 
0 . 13 
0.02 
1.19 
0 . 09 
0.15 
0.18 
99.89 
0.0 1 
9'9 . 88 
390 
141 
153 
21.0 
13 .0 
1. 0 
163 
8 . 5 
18 
31 
68 
25 
20 
124 
1 05 
705 
2 1 
27. 0 
22 . 0 
85 
17 . 8 
35 
64 .8 4 
0 . 65 
15.6 1 
0.88 
4 . 37 
0 . 07 
2.88 
4.2 4 
1. 97 
2.58 
0.13 
0 . 03 
1. 22 
0.07 
0 . 13 
0.18 
99.85 
0.01 
99 . 84 
4 20 
126 
177 
24.5 
16.0 
2. 4 
169 
9.0 
24 
28 
6 4 
22 
20 
111 
97 
550 
23 
2 4. 5 
18 .5 
79 
18 . 4 
8 
65.9 3 
0.63 
14 .86 
0 . 96 
4. 19 
0 . 08 
2 . 93 
3.74 
1. 9 4 
2 . 89 
0 .1 5 
0.02 
1. 39 
0.09 
0.05 
0 . 18 
100.03 
0 . 0 1 
100.02 
385 
1 46 
1 5 4 
22 . 0 
14 .6 
3 . 0 
15 4 
9.5 
23 
30 
67 
23 
19 
108 
1 06 
585 
2 1 
26 . 0 
9 . 0 
8 6 
17 .6 
2 
65.32 
0 . 6 3 
14. 8 4 
1. 06 
4 .05 
0 . 06 
2 . 90 
4.1 6 
2 . 0 4 
2.80 
0 . 13 
0 . 02 
1. 37 
0.08 
0.16 
0.18 
99 . 82 
0 . 0 1 
99.81 
4 05 
135 
155 
22.0 
1 5.2 
2 .4 
153 
9.0 
29 
26 
62 
22 
18 
10 8 
95 
5 9 0 
2 1 
2 3 .5 
18 .5 
76 
17.2 
3 
66 . 37 
0 .6 4 
14 .8 7 
1. 06 
3 . 89 
0 . 07 
2 . 7 4 
3 . 9 1 
2. 1 9 
2.58 
0.12 
0 . 06 
1. 30 
0.07 
0.13 
0.16 
100.16 
0.03 
100 . 13 
3 40 
13 1 
1 52 
22 . 0 
15 . 2 
2 . 2 
143 
9.0 
2 4 
28 
60 
23 
18 
103 
93 
565 
1 5 
20.0 
13 . 0 
71 
17 . a 
7 
67.36 
0.6 3 
14 . 19 
0. 93 
3 .9 3 
0 . 0 7 
2 . 58 
3.26 
1. 89 
3. 26 
0 . 13 
0. 07 
1. 24 
0 . 09 
0.05 
0 .1 8 
99 . 86 
0.03 
99 . 83 
470 
15 8 
13 5 
25.0 
18.6 
2 . 2 
153 
10.0 
37 
31 
6 9 
25 
18 
9 8 
72 
51 5 
1 8 
1 8 . 5 
10.0 
79 
16 . 6 
34 
67 . 83 
0 .6 7 
14 .62 
0 .62 
4 .00 
0.06 
2 . 30 
2.72 
1. 98 
3. 28 
0. 14 
<0 . 02 
1. 13 
0 . 08 
0 . 12 
0. 19 
99.7 4 
4 55 
166 
13 6 
2 4 .5 
19. 2 
3 .8 
181 
1 1. 0 
27 
43 
9 4 
32 
16 
92 
80 
475 
18 
20. 5 
14. 5 
77 
17 . 8 
4 
67.87 
0.52 
14. 58 
0. 83 
3.61 
0 . 07 
2 . 25 
3 .1 9 
2 . 21 
3.11 
0.14 
0.02 
1. 28 
0 . 08 
0.08 
0 .1 6 
100.00 
0.0 1 
99.99 
380 
1 56 
13 8 
29 . 5 
15 . 8 
1. 6 
1 29 
9.5 
33 
27 
62 
22 
16 
85 
67 
565 
1 5 
16 . 5 
7. 0 
70 
17.0 
75 
61. 91 
0 . 7 5 
16 .0 9 
0 . 9 8 
5. 2 1 
0.11 
3. 59 
4.1 9 
1. 73 
3 .33 
0 .1 8 
0 . 03 
1. 5 1 
0. 09 
0 . 11 
0.20 
100 . 0 1 
0.0 1 
100.00 
4 60 
162 
1 58 
2 1. 5 
11. 2 
1. 0 
192 
10 . 0 
16 
26 
63 
22 
22 
13 8 
123 
820 
23 
28.0 
1 9 . 5 
99 
19.2 
70 
6 4. 01 
0.77 
14.93 
1. 3 5 
4.67 
0.07 
2.61 
4.38 
1. 81 
2 . 59 
0.13 
0 .04 
1. 8 5 
0. 11 
0. 3 5 
0. 20 
99 . 8 7 
0.0 2 
99. 85 
41 5 
118 
20 6 
21. 5 
21.2 
4.2 
2 19 
10.5 
24 
43 
9 2 
3 3 
21 
136 
58 
560 
17 
16.5 
16 . 5 
89 
18.0 
43 
69.53 
0.60 
13.62 
0.89 
3. 50 
0.05 
2.19 
3.38 
2 .1 2 
2. 5 7 
0.03 
0.04 
1.1 2 
0 .0 9 
0.14 
0. 19 
100. 06 
0. 02 
100. 0 4 
440 
115 
16 5 
2 3. 0 
2 3 .0 
1.6 
204 
9. 0 
14 
50 
111 
34 
14 
89 
76 
415 
20 
20.0 
17.5 
63 
16.0 
Contact variant (recrystallized): No 34; Unrecrystalli zed variant: Nos 2,3,4 and 7; 
variant: Nos 8, 35, 62 and 74; Sheared granites : Nos 70, 75; Epidotized granite: 
Recrystal lized 
No 43. 
\.0 
~ 
OJ 
Table 5.5 Analyses of Murrumbucka Tonalite. 
Sample' 
Si02 
Ti 02 
A1 2 0 3 
Fe2 ~ 
Fe O 
MnO 
Mg O 
CaO 
Na 20 
K20 
P20 5 
S 
H20+ 
H20-
CO 2 
rest 
O=S 
5 
61.08 
0.69 
15.11 
1. 64 
5 . 29 
0.10 
4.90 
5.97 
1. 51 
2.01 
0 .14 
0.02 
1. 56 
J.12 
0.17 
0.21 
10 0 .52 
0 .01 
100.51 
Trace elements 
Sa 370 
Rb 94 
Sr 195 
Pb 15 . 5 
Th 8.8 
U 1.6 
Zr 
Nb 
Y 
La 
Ce 
Nd 
Sc 
V 
Cr 
Mn 
Co 
Ni 
Cu 
Zn 
Ga 
143 
8 . 0 
28 
24 
58 
25 
26 
155 
216 
780 
30 
52 
28.0 
92 
17.8 
41 
61. 28 
0 .75 
15.04 
1. 39 
5 .41 
0 . 09 
4 .51 
5 . 26 
1. 67 
2.)0 
0.15 
0. 0 3 
1. 5 4 
0.09 
0.12 
0.21 
99.8.4 
0 . 01 
99.83 
410 
1 0 6 
206 
19.0 
12.0 
2.2 
168 
9 . 0 
23 
22 
61 
22 
28 
1 57 
180 
735 
27 
42.5 
24.5 
92 
17.8 
7 6 
61.90 
0.69 
14.95 
1. 25 
5.08 
0 . 09 
4.56 
5.14 
1.65 
2 . 19 
0.15 
0.0 5 
1.60 
0.09 
0.18 
0 . 19 
99 . 76 
0.02 
99 . 74 
360 
10 2 
184 
16.5 
6.2 
1.8 
153 
4.0 
19 
16 
33 
12 
26 
141 
212 
715 
27 
51 
26 . 0 
86 
16.8 
22 
64.46 
0.61 
14.44 
1. 00 
4 .88 
0.08 
4. 08 
4.4 9 
1.63 
2 .7 7 
0.13 
0.03 
1.62 
0 .1 6 
0.15 
0.20 
100.7) 
0.01 
100.72 
4 )5 
136 
164 
18.0 
16 . 0 
1.8 
150 
8.5 
25 
)0 
72 
25 
23 
125 
183 
650 
26 
47 . 0 
2 4. 5 
86 
17 .2 
9 
64.1 4 
0.61 
14.68 
1.15 
4.41 
0.08 
3.90 
4. ) 5 
1. 7 4 
2.68 
0.13 
0.02 
1. 57 
0.10 
0.0) 
0.20 
99.79 
0.01 
99.78 
415 
131 
161 
17 .0 
10.8 
1.4 
165 
9.0 
24 
30 
60 
24 
22 
120 
175 
610 
23 
44.5 
22.0 
77 
17.2 
14 
65.20 
0.56 
14 .52 
1.11 
4. )l 
0.08 
).67 
4.57 
1.84 
2.61 
0.12 
<0.02 
1. 39 
0.10 
0 .1 0 
0.19 
100.)7 
4 20 
127 
165 
20.5 
15.2 
2.4 
130 
8.5 
23 
32 
68 
25 
20 
118 
1 62 
635 
23 
39.5 
2 1. 5 
77 
16.4 
25 
65.4 4 
0.57 
14 .67 
1. 08 
4.28 
0.07 
).68 
4. 59 
1. 81 
2.63 
0.11 
<0.02 
1. 24 
0.18 
0 . 17 
0.20 
100.72 
440 
127 
177 
18.0 
13.2 
1.4 
150 
9.0 
25 
28 
63 
24 
21 
114 
169 
570 
2) 
42.5 
21.0 
79 
17 . 0 
21 
65.37 
0.56 
14.79 
1. 2) 
4.1 2 
0 . 08 
3. 4 9 
4.83 
1. 8 2 
2.65 
0.11 
<0.02 
1. 37 
0.14 
0.1 0 
0.19 
100.85 
415 
127 
174 
19.5 
12.8 
2.u 
144 
8.5 
26 
29 
61 
26 
21 
115 
149 
595 
2 1 
)5.5 
19.0 
74 
17. 0 
12 
65 . 81 
0.56 
14.42 
1.15 
4.11 
0 . 08 
) . 60 
4. ) 9 
1. 81 
2.75 
0.13 
<0.02 
1. 21 
0.11 
0.17 
0.19 
100.49 
465 
128 
164 
19.5 
13 . 6 
2.2 
117 
8.5 
26 
)5 
74 
)0 
20 
110 
152 
590 
22 
36.5 
12 . 5 
75 
16.8 
2) 
65.26 
0.55 
14.38 
1.15 
).95 
0 . 07 
3.61 
4.47 
1. 90 
2 . 74 
0.10 
0.02 
1. 25 
0.09 
0.13 
0 .1 9 
99. S6 
o. a 1 
99.85 
44 5 
129 
173 
20.5 
16.2 
1.6 
119 
8 . a 
27 
)7 
77 
28 
21 
106 
155 
555 
20 
37.5 
20.0 
68 
16. 2 
7) 
65.53 
0.55 
14.49 
1. 01 
4.0 2 
0.07 
). 62 
4 . 43 
1. 9 4 
2.75 
0.11 
0.02 
1.00 
0 .1 2 
0.08 
0.18 
99.92 
0 . 01 
99.91 
390 
133 
166 
20 . 0 
12.8 
2.2 
136 
8.5 
2 4 
27 
58 
2) 
20 
110 
154 
570 
22 
)8.5 
20.5 
69 
16.6 
)8 
66.55 
0.50 
14. )l 
1. 09 
3. 5 1 
0.07 
3. 1 9 
3 .78 
1. 9 8 
3.07 
0. 11 
<0 . 02 
1. 38 
0.10 
0.11 
0.18 
99.93 
455 
146 
160 
23.0 
13 .8 
2.4 
135 
8 . 5 
25 
2) 
5 2 
19 
1 6 
95 
145 
525 
19 
37.5 
1 6.5 
67 
16 . 4 
37 
67 . 15 
0.55 
14. 27 
0.81 
3.7 9 
0.06 
2.98 
3.6 a 
2 .0 0 
3.03 
0 . 10 
<0 . a 2 
1.17 
0.07 
0 . 10 
0.20 
99.88 
43 5 
14 5 
163 
2 4. 5 
27.6 
2.2 
141 
10.0 
27 
56 
120 
45 
17 
91 
1 29 
460 
18 
32.5 
16.5 
65 
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Figure 5.3 16 chemical variation diagrams plotted against FeO* 
from data of the Cl ea r Range , Murrumbucka and Cooma Suite granites 
(crosses, triangles and squares , respectively). 
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92. 
(f) Murrumbucka Tonalite alkali-oxide regressions have lower slopes 
than those of the Clear Range Suite, 
(g) For Th and La (the latter (best) representing the LREE's), trends 
for the Murrumbucka Tonalite have negative slopes. 
The ACF-plot (Fig. 5.6) depicts some relationships between bulk-
chemistry and its dependent mineralogy, in the Clear Range, Murrumbucka and 
Cooma Suite granites. Though mineralogy has been modified (often signif-
icantly) by metamorphism, this plot predicts the following: 
(a) most Murrumbucka Tonalites are hornblende-bearing (only one sample, 
No 37 (solid triangle) lacks modal hornblende), 
(b) most Clear Range Tonalites are hornblende-absent. (Only sample 
No 2, shown as a solid circle, is known to contain (trace) amphibole which 
is separated from the hornblende-absent Murrumbucka Tonalite sample's 
position, by a plagioclase-biotite tie-line defining the limiting biotite 
composition (in terms of A, C, F components) for which the assemblage 
hornblende + biotite is just stable), 
(c) Cooma Suite granites contain modal cordierite (now largely 
pseudomorphed). 
(d) that Cooma Suite granites should generally lack primary muscovite 
or aluminosilicate on compositional grounds, if cordierite was a stable 
solidus phase (agreeing with petrographic evidence which implies a secondary 
paragenesis for muscovite and aluminosilicate). 
Though cordierite is predicted for the felsic Clear Range Suite 
granites (often granodioritic: Joyce, 1973b), none has been found, a 
feature which may have analogies with the relative instability of cordierite 
in the Cooma Suite granites. There, the A-C-F-tie-line: plagioclase -
cordierite was broken during subsolidus metamorphism, with the consequent 
formation of a mu covite + plagioclase + biotite containing assemblage. 
From the diftgram (Fig. 5.4), the felsic Clear Range Suite sample's 
hypersolidus, per-a luminous phase could either have been cordierite or 
aluminosilicate but not muscovite since water-pressures in excess of ~5 .2 
kb. are required for the stabilization of this phase in peraluminous 
granitic melts (Thompson & Algor, 1978; Thompson & Tracy, 1979); even 
total-pressures operative at emplacement of the Clear Range Pluton 
are thought to have been only ~ 3.5 kb. (see Chapter 3). If the 
93.a 
Figure 5.4 A-C-F diagram for Clear Range, Murrumbucka and Cooma Suite 
granites (circles, triangles and squares, respectively) . Solid symbols 
locate two extreme Suite compositions: a mafic hornblende-bearing Clear 
Range Tonalite (sample No 2, Table 5.4) and a felsic, hornblende-absent 
Murrumbucka Tonalite (sample No 37, Table 5.5). Together, these two 
samples locate the tie-line joining the plagioclase position with that 
of the limiting biotite just able to coexist with hornblende. 
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94. 
scattered tiny ( 5 1.5cm diam.) fine-grained, muscovite + green-biotite-
containing "xenoliths" occurring within the Clear Range Tonalite are 
pseudomorphous after the predicted peraluminous phase, then this phase was 
probably cordierite (e.g. TS 3). 
5.3.2.3 Xenoliths 
Seven xenoliths from the Clear Range Tonalite and 19 from the 
Murrumbucka Tonalite were analysed (see Table 5.6). The latter group consists 
of: 
(a) 13 hornblende-bearing xenoliths (Nos 10, 11, 27, 36, 42, 44 to 51 
and 55), with analyses 27 and 42 being respectively, those of the inner and 
outer portions of the same xenolith, 
(b) Three relatively felsic calcareous xenoliths (Nos 52, 31 and 69), 
(c) Two relatively mafic calcareous xenoliths, (Nos 64 and 79). 
Those from the Clear Range Tonalite consist of: 
(a) Six biotite-containing, hornblende-absent xenoliths (Nos 6, 15, 17, 
57, 77 and 78) of which No 57 is considered (upon field and morphological 
grounds) to be an accidental, country-rock xenolith, 
(b) Une pyroxene-rich, calcareous xenolith (No 13). 
Some chemical features of these various xenolith types are shown on 
variation diagrams in Fig. 5.5, together with reference regressions for the 
Clear Range and Murrumbucka granites. 
to be significant: 
The following features are considered 
(a) The xenoliths collectively span huge composition ranges compared 
with those of the granites. 
(b) For most C0l11pOnents, hornblende-bearing xenolith data form a trend 
which intersects the mafic end of the Murrumbucka Tonalite regression. The 
slope signs of both xenolith and granite trends are the same, except f or plots 
of the components A1 203, Sr, Zr and Cu. 
(c) The Murrumbucka Tonalite trend tends to lie between that of the Clear 
Range Suite and the hornblende-bearing xeno lith cluster, except f or plots 
against Sr and Ca. 
Table 5.6 Analyses of Xenoliths from the Clear Range (C.R.) and Murrumbucka (M) Tonalites. 
Sample ' 
Si02 
Ti 0 2 
A1 2 0 3 
Fe203 
FeO 
MnO 
MgO 
CaO 
Na20 
K20 
P205 
S 
H2C+ 
H20-
CO2 
re !:it 
O=S 
13 
53.66 
0 . 90 
13.54 
1. 68 
7.41 
0.17 
3.85 
17.19 
0.25 
0 . 09 
0 .16 
0 .16 
0.7 4 
0.06 
0.06 
0.27 
100 . 19 
0 . 08 
10 0 .11 
Trace Elements 
Sa 45 
2 . 6 
895 
14. a 
27 . 8 
Rb 
Sr 
Pb 
Th 
U 
Zr 
Nb 
y 
La 
Ce 
Nd 
Sc 
V 
Cr 
Mn 
Co 
Ni 
Cu 
Zn 
Ga 
7.0 
254 
13.5 
43 
63 
119 
43 
21 
72 
122 
1310 
37 
69 
69 
181 
14.2 
17 
45. 09 
1. 08 
23.65 
2.04 
7.11 
0.13 
5.05 
4.09 
2. 01 
6.32 
0.08 
0.03 
2.64 
0 . 25 
0.0 2 
0.29 
99.88 
0.01 
99.87 
705 
319 
151 
24. 0 
33.4 
2.8 
158 
17.0 
25 
58 
129 
46 
23 
183 
167 
1010 
34 
37.0 
1.0 
172 
33 . 4 
15 
61 . 71 
0.59 
13 .89 
1. 25 
6.78 
0.11 
5.43 
2.82 
0.51 
4 .41 
0.09 
0.11 
1. 96 
0.10 
< O. a 1 
0.20 
99.96 
0.05 
99.91 
300 
228 
78 
11.0 
7.0 
3.0 
71 
6 . 5 
17 
26 
39 
19 
30 
127 
283 
850 
29 
41.5 
50 
140 
17 . 0 
78 
60.73 
0.55 
14.15 
0 . 97 
6 .77 
0 . 11 
5 .81 
2.87 
0.37 
4. 52 
0.10 
0.03 
2. J4 
0 .16 
0 .11 
0.21 
99.80 
0 . 01 
99.79 
400 
220 
83 
13.5 
13.2 
1.2 
107 
6.5 
17 
27 
53 
20 
25 
129 
274 
825 
32 
76 
5.0 
134 
17.2 
77 
63.81 
1.19 
14 . 04 
1.14 
5.46 
0 . 10 
3.48 
3 . 53 
1. 49 
3.49 
0.26 
0.03 
1. 45 
0.05 
0.06 
O. <2 
99.80 
0.01 
99.79 
445 
173 
127 
17.0 
30.4 
2.2 
349 
11 . 5 
33 
3 4 
97 
32 
21 
131 
47 
755 
24 
28. a 
7.5 
97 
17.6 
6 
6 0.10 
0.56 
16.2 2 
1. 63 
5.38 
0.12 
3.86 
4.99 
0.84 
3.71 
0.07 
0.03 
1. 93 
0 .1 2 
0.06 
0.15 
99.79 
0.01 
99.78 
180 
234 
127 
16.0 
8.8 
2.8 
89 
4 .5 
19 
18 
39 
15 
25 
168 
49 
940 
26 
10 . 5 
18.0 
111 
16.8 
57 
81. 46 
0.57 
8.14 
0.49 
2.15 
0.03 
1.12 
1. 21 
1. 09 
2 . 30 
0.14 
0.02 
0.75 
0.10 
0.08 
0.24 
99.89 
0.01 
99 . 88 
565 
95 
84 
21. a 
29.6 
4.6 
667 
6.0 
42 
46 
110 
39 
9 
39 
77 
245 
10 
11.0 
9.5 
42 
8.4 
52 
72.35 
0.54 
10.96 
1. 63 
2.94 
0 . 11 
1. 44 
7.52 
0.55 
0.19 
0.15 
0.07 
0.86 
0.10 
0.21 
0.13 
99.75 
0.03 
99.72 
<5 
2.8 
167 
11.5 
23.6 
5.0 
274 
11.0 
64 
41 
97 
40 
11 
63 
49 
850 
13 
15 .5 
38.0 
42 
14.0 
31 
78.80 
0.55 
7. J4 
1. 75 
1. 54 
0.09 
1. 27 
5 . 93 
0.47 
0.16 
0.16 
0.26 
0.76 
0.05 
0 . 59 
0.13 
99.85 
0.13 
99.72 
<5 
3.4 
88 
12.0 
20 . 6 
7.8 
380 
10.5 
43 
50 
107 
38 
8 
56 
56 
660 
7 
7.5 
96 
28 
10.2 
69 
78. 0 4 
0 . 49 
9.91 
0 .6 0 
2.02 
0.10 
0.99 
6.37 
0.27 
0.06 
0.15 
0.0 4 
0.45 
0.06 
0.13 
0.13 
99.81 
0.02 
99.79 
35 
0.6 
272 
6 . 0 
20.2 
3.6 
317 
10.0 
37 
39 
93 
34 
10 
28 
47 
760 
7 
9.0 
8 . 5 
33 
12.0 
64 
44 .90 
1. 03 
25.55 
3.85 
2.83 
0.08 
2.91 
10.26 
2.33 
2 .1 6 
0.10 
0.42 
2 . 65 
0 . 23 
0.52 
0.26 
100.08 
0.21 
99.87 
460 
92 
346 
51 
20.4 
6.0 
124 
24. 0 
48 
24 
40 
20 
21 
128 
154 
600 
47 
51 
328 
68 
31. 0 
79 
42.93 
1.14 
27.16 
2.61 
4 . 41 
0.06 
3.86 
10.75 
1. 64 
2.44 
0.07 
0.57 
2.05 
0.25 
0.04 
0.30 
100.28 
0.28 
100.00 
480 
120 
365 
25 . 0 
24.8 
4 .0 
176 
12.5 
6 
54 
127 
42 
17 
164 
189 
440 
69 
138 
270 
95 
30.0 
I.D 
(Jl 
0> 
I 
Sample. 
Si02 
Ti02 
A1 20 3 
Fe 20 3 
FeO 
MnO 
MgO 
CaO 
Na20 
K20 
P2 0 5 
S 
H20+ 
H20-
CO2 
rest 
O;S 
Y O 
11 
53.12 
0.88 
12.21 
2.52 
9.05 
0.22 
9.02 
5.41 
0.91 
3.69 
0.08 
0.02 
2.35 
0.23 
0.08 
0.43 
100. 22 
0.01 
100.21 
Trace elements 
Ba 550 
Rb 180 
S r 
Pb 
Th 
U 
Zr 
Nb 
y 
La 
Ce 
Nd 
Sc 
V 
Cr 
Mn 
Co 
Ni 
Cu 
Zn 
Ga 
73 
14.0 
91 
2.8 
49 
13.0 
130 
222 
522 
166 
76 
224 
707 
1690 
88 
53 
162 
17.8 
L· 
48 
58.69 
0.56 
14.23 
1.73 
6.22 
0 . 18 
6.36 
6.35 
0.87 
2 .13 
0.09 
0 . 04 
1. 88 
0.14 
0.13 
0.21 
99.81 
0.02 
99.79 
330 
100 
118 
13.5 
9.2 
1.4 
81 
4.5 
24 
24 
51 
24 
35 
177 
345 
1395 
33 
72 
5.0 
114 
16.6 
47 
58.69 
0.50 
14.14 
1.72 
6.13 
0.22 
6.24 
7.94 
1. 02 
0.95 
0.07 
0.03 
1. 79 
0 . 09 
0.13 
0.17 
99.83 
0.01 
99.82 
165 
41. 0 
137 
14 .0 
8.2 
1.2 
86 
4.0 
19 
19 
45 
18 
40 
193 
254 
1675 
37 
33.5 
13 .0 
107 
15.2 
50 
59.03 
0.47 
14.17 
1. 50 
6.32 
0.19 
6.59 
6.10 
0.95 
2.11 
0.08 
0.02 
1. 8 7 
0.16 
0.10 
0.2 0 
99.86 
0.01 
99 . 85 
330 
100 
125 
14. 0 
7.2 
1.2 
73 
4.0 
21 
21 
49 
20 
34 
16~ 
311 
1 500 
32 
57 
7.5 
113 
16.4 
44 
61. 08 
0 .4 5 
13.33 
1. 42 
6.22 
0.20 
6.34 
5 . 91 
0.96 
1. 78 
0.07 
0.03 
1.72 
0.12 
0.14 
0 . 20 
99.97 
0.01 
99.96 
335 
84 
127 
12.5 
9 . 6 
1.4 
83 
4.5 
22 
22 
47 
20 
36 
165 
315 
1575 
36 
47.5 
8.5 
112 
14.6 
4 5 
59.84 
0.50 
14.25 
1. 58 
6.01 
0 . 19 
5.82 
6.69 
1. 02 
1.71 
0 , 08 
0 . 03 
1. 65 
0 . 15 
0.15 
0.18 
99.85 
0.01 
99.84 
265 
79 
136 
14 .5 
11.2 
2.0 
86 
5 . 0 
28 
20 
46 
22 
37 
175 
24 4 
14 50 
31 
41.5 
15.0 
105 
15.8 
27 
57.69 
0.69 
16.20 
1. 18 
6.23 
0.16 
5 . 58 
7.92 
1. 31 
0.90 
0.10 
0.03 
1. 61 
0.08 
0.16 
0.16 
100.00 
0.01 
99.99 
145 
37.0 
197 
16.5 
8.8 
2.0 
101 
5.0 
25 
22 
48 
21 
35 
180 
1 53 
1215 
35 
37 .0 
28.5 
93 
17.4 
46 
62.16 
0 .4 5 
12.95 
1. 39 
5.96 
0.19 
6.26 
5.10 
1. 03 
2 .11 
0.08 
0.03 
1. 8 2 
0 . 15 
0.07 
0.20 
99.95 
0.01 
99.94 
325 
102 
121 
13.0 
11. 2 
1.0 
100 
5.5 
20 
24 
44 
21 
32 
140 
336 
1465 
33 
64 
8.0 
116 
14.6 
4 2 
57. 92 
0.66 
16.11 
1. 46 
5 . 87 
0.18 
5.36 
7.67 
1. 26 
1. 3 3 
0 . 09 
0.02 
1. 5 3 
0.17 
0.12 
0.17 
99.92 
0.01 
99.91 
230 
60 
183 
16.0 
5.6 
1.0 
115 
4.5 
20 
20 
41 
17 
33 
169 
151 
13 80 
33 
36.5 
15.0 
96 
17.2 
49 
60.64 
0. 48 
14.02 
1. 51 
5.67 
0.14 
5.77 
6.25 
1. 07 
2.05 
0.08 
0.02 
1. 66 
0.17 
0.12 
0.18 
99.83 
0.01 
99.82 
320 
95 
141 
13 . 0 
9.6 
1.2 
85 
5.0 
23 
12 
31 
14 
34 
165 
249 
1110 
29 
41. 0 
15.5 
99 
15.4 
51 
59.72 
0.43 
14.97 
1. 40 
5.58 
0.21 
5.26 
8.36 
0.73 
1.18 
0.06 
0.02 
1. 47 
0.13 
0 .11 
0 .1 5 
99.78 
0.01 
99.77 
225 
55 
128 
15.0 
5 .0 
1.6 
76 
4.5 
25 
19 
44 
19 
40 
198 
100 
1645 
30 
14.0 
7.0 
98 
15.2 
55 
60.29 
1. 07 
15.66 
1. 49 
5.17 
0.11 
4.04 
6.34 
1. 78 
1. 98 
0.19 
0 .0 3 
1. 30 
0 .13 
0.07 
0.19 
99.84 
0.01 
99.83 
350 
90 
226 
19.0 
5.0 
1.6 
237 
12.0 
16 
17 
45 
16 
30 
145 
112 
865 
2 4 
30.0 
7.0 
85 
17.6 
10 
59.81 
0.61 
15.84 
1.33 
5.17 
0.11 
4.96 
6.14 
1. 62 
2.47 
0.09 
0.15 
1. 65 
0.08 
0.02 
0.18 
100.23 
0.07 
100.16 
380 
117 
173 
18.5 
4.6 
0.8 
108 
7.5 
38 
19 
39 
21 
34 
157 
98 
835 
27 
41.0 
56 
86 
17 .4 
36 
63.07 
0.51 
15.59 
1.15 
4.88 
0.10 
3.31 
6.23 
0.85 
2.32 
0.08 
0.03 
1. 38 
0.10 
0.05 
0.15 
99.80 
0.01 
99.79 
230 
98 
159 
17 .0 
9.4 
1.8 
104 
6.0 
22 
21 
41 
16 
28 
145 
78 
775 
24 
13.5 
21.0 
77 
15.6 
\.D 
(Jl 
~ 
m 
Xenolith- types and host-granites, Table 5.6: 
Hornblende-bearing xenoliths: Nos 11, 48, 47, 50, 44, 45, 27, 46, 42, 49, 51, 55, 10 and 36 (M), 
felsic calcareous xenoliths: Nos 52 and 31 (M), No 69 (C . R.), 
Mafic calcareous xenoliths: Nos 64 and 79 (M), No 13 (C . R.), 
Upper Ordovician country-rock xenolith: No 57 (C . R.), 
biotite-containing, hornblende-absent xenoliths: Nos 17, 15, 78, 77 and 6 (C.R.). 
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Figure 5.5 16 chemical variation diagrams plotted against FeO* 
from data of xeno liths of the Clear Range and Murrumbucka Tonalites. 
Xenoliths from the former granite are as follows: squares: biotite-
bearing, hornblende-absent xenoliths, star: diopside-rich 
calcareous xenolith (sample No 13) and solid triangle: felsic s 
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calcareous xe nolith (sample No 69). Those from the Murrumbucka Tonalite are: 
circles: hornblende-bearing xeno liths, upwards-pointing triangles: felsic 
calcareous xenoliths and downwards-pointing triangles: mafic calcareous 
xenoliths. Reference regressions are: dash-dot line: Murrumbucka Tonalite, 
so lid line or field: Clear Range Tonalite. 
--
98. 
(d) Kelative to component concentrations in the Murrumbucka Tonalite, 
mafic calcareous xenoliths contain more than 10 times as much Cu, ~2~ times 
as much Co and U, ~ twice as much Ti02, A1 203, CaO, Sr and Pb, similar 
concentrations of MgO and K20 but only 2/3rds the Si02 content. 
(e) Relative to the same reference, felsic calcareous xenoliths contain 
~ 3 times as much lr, U and Cu, ~ 1~ times its CaO concentration, but only 
~ 2/3rds as much Ti °2, A 12°3 and Co, ~ ha If the FeO* and Pb, ~ ~ the MgO and 
Na 20 and a small fraction of the K20, Rb, Cr and most other components. 
(f) The envelope bounding the biotite-bearing, hornblende absent 
xenoliths also generally includes the granite regressions. Its trend has 
distinct similarities with that described previously for the Upper Ordovician 
gneisses (e.g., in Al z03, MgO and K20). However, these xenoliths have higher 
total K20 + Na20 + CaO than have the gneisses so their A indices are all lower 
than the latter and the resulting trend against FeO* is almost horizontal. 
(g) Two xenoliths of the previous group (Nos 15 and 78) have anomalously 
high Cr ( ~ 280ppm) and low A1 Z03 ( ~ 14% ) and Na 20 (~0.5% ) and may therefore 
have once been hornblende-bearing xenoliths . 
(h) The Clear Range Suite's mafic calcareous xenolith (No 13) is chemically 
different from all other xenoliths. Relative to component concentrations . in 
this suite, it contains ~ 5 times as much CaO and Sr, ~ 2~ times the U, Mn, 
Cu and ln, slightly more MgO but vanishing fractions of NaZO and KZO. 
(i) One hornblende-bearing xenolith (No 11) stands apart from the others. 
It is the most mafic of all the xenoliths and is petrographically distinct, 
being strongly zoned with a sheath of biotite flakes (some containing relict 
hornblende) and large allanite grains (see its LREE and Th values on Table 
5.6) surrounding the hornblende-rich core. 
Less obvious but very instructive xenolith compositional zoning is 
noted by comparing the analyses Nos 27 and 42, representing the inner and outer 
portions respectively, of the same xenolith . By measuring these samples' bulk 
densities (see Appendix D) and using the method of Gresens (1967), a diagram 
has been constructed (Fig. 5.&) analogous to those in Chapter 4 (see Fig. 4.6) 
which describes the possible composition to volume relationships of the xenolith 
rim relative to its core. By assuming isochemical behaviour for MgO, CaO and 
Ti02, (which cross the horizontal isochemical line at the same position) a 
slight (3.5%) volume gain is indicated in the change to the chemistry of the 
i 2 
c: 
o 
() 
-/ 
Ho rnblende- bearing 
X enol i th: Co re vs rim 
27 vs 42 
Vo lume Fracti on 
1·2 
99 . 
d 
Figure 5.6 Composition to volume diagram for rim to core variations 
in a hornblende-bearing xenolith, showing the volume ratio of ri m to core 
(samp les 42 and 27 respectively) plotted against mass % gain or loss of 
major-element chemical components (each represented in a lettered line 
derived by the method of Gresens (1 967) , usi ng meas ured sampl e densities 
(Append i x C)). Ch emical component lines are a: 5i02, b: Ti02, c: A1 203, 
d: Fe203, e: FeO , f: FeO*, g: MgO, h: CaO, i: Na20, j : K20. The 
arrow marks the volume ratio for which near-isochemical behaviour of FeO*, 
Ti02 and CaO occurs . 
100. 
outer part of the xenolith. The resulting mass equation is as follows: 
100 sa. 27 + 2. 3 Si02 + 0. 3 Al203 + 0. 5 K20 + 0. 3 Fe 2
0
3 
- 0. 2 FeO 
~103. 3 sa. 42 . 
The 3.3% mass increase indicated in the outer portion of the 
xenolith is not adequately brought out by comparing the two samples' trace 
element concentrations, as were the 12% mass decreases associated with mylon-
itization, described in the previous Chapter. Trace element data however, 
does show the following: 
(a) No significant difference in concentration for Sr, Pb, Zr, Nb, Sc, 
V, Cr, Co, Ni, Zn and Ga. 
(b) a loss in La (~5% ), Ce (~10% ), Nd (~ 15% ), Y (~20% ), Th (~35% ) 
and U and Cu ( ~40% ) 
(c) ga~ns in Rb and Ba (~50% ) and Mn (~ 12 % ). 
These various results are consistent with the mineralogical changes 
seen petrographically, viz: destruction of hornblende (which is HREE enriched; 
see hornblende analyses, Table 5.9) and absorption of components found in 
K-feldspar, with consequent production of biotite, so preferentially releasing 
HREE's relative to LREE's and absorbing especially those trace components Ba 
and Rb found in late-stage melts, pegmatitic aqueous fluids and in K-feldspar. 
The inferred increase in ferric iron concentration is consistent with the 
more oxidized nature of late-stage silicate melts and subsolidus fluids than 
earlier silicate melts. No decision can be made however, as to whether the 
chemical changes described occurred above or below the solidus temperature. 
5.4 Group-3: Amphibolites 
Nine amphibole -rich rocks were analysed coming from 2 different 
localities: 
(a) A thin (20cm. wide) dyke of serpentine-containing amphibolite 
(No 54) which intrudes the contact of 500 Acre Tonalite and Clear Range 
Tonalite at GR911114, 
(b) 8 analyses from GR906157 of the largest known amphibolite in the map-
area, consisting of one feldspar-rich sample (No 33) from the suture between 
amphibolite pods (see Fig. 2.4b), one coarsely crystalline relict gabbro (No 59) 
101. 
and 6 analyses of finer-grained metadolerites (Nos 19, 30, 18, 56, 28 and 29). 
Figure 5.5 shows 8 chemical variation diagrams with Si0
2 
as the reference 
component, for data of the metadolerites and the metagabbro, with references 
consisting of Murrumbucka Tonalite and Clear Range Suite regressions and the 
hornblende~bearing xenoliths. 
The following features are conside red to be of significance: 
(a) With increasing Si02, the six spatially related metadolerites trend 
directly towards the granite regressions for some elements (K
2
0 and Mn) but 
indirectly for MgO, A1 203, Cr abd Ga and with less apparent direction for 
other elements (e.g.: Na 20 and Sr), indicating that the hybridization 
between metadolerites and Clear Range Tonalite which is inferred from field 
and petrographic studies, cannot be a simple two-component mixing process 
between end-member compositions of 
(i) the most mafic and least deformed metadolerite 
(No 30) and 
(ii) any composition along the Clear Range Suite 
regression line; 
a more complex process is implied. 
(b) With the '" 7% increase in Si02 from sample 30 through to sample 29, 
the ~~ ratio of these same metadolerites decreases from "' 6500 to "'5000 (the 
latter value being similar to that in the granites). Such variations in the 
ratio of these two elements suggests that the chemical changes were accompanied 
by significant phase changes, probably from py~oxene ± olivine-bearing 
assemblages, to the present amphibole ± biotite-bearing assemblages. 
(c) The metagabbro (No 59) is chemically distinguishable from the least 
altered metadolerite (No 30) of the same locality by much lower Cr and Ni 
contents than those present in the latter rock. 
(d) Metadolerite No 54 from the first locality, is chemically quite 
different from the other metadolerites. 
(e) The Murrumbucka Tonalite regressions for Na 20 and Sr lie wholly 
outside the envelope surrounding data of the Clear Range Suite and the 
amphibolites so it is not possible to reproduce mean Murrumbucka Tonalite 
bulk compositions by mixing a Clear Range Tonalite of average composition, 
with any combination of these amphibolites, 
Table 5. 7 Analyses of amphibolites. 
Sample . 
Si 0 2 
Ti0 2 
A1 20) 
Fe20) 
FeO 
MnO 
'1g0 
CaO 
Na20 
K20 
P205 
S 
H2 0+ 
H20-
CO2 
res t 
O:S 
5 4 
49.57 
1. 44 
19.15 
1. 71 
8.79 
0.15 
4.88 
10.64 
0.96 
0.)5 
0.22 
0.04 
1.71 
0.10 
0.14 
0.16 
100.01 
0.02 
99.99 
Trace elements 
Ba 25 
Rb 10.0 
S r 2)) 
Pb 16.5 
Th 2 . 4 
U 2. 0 
Zr 104 
Nb 7.0 
Y 48 
La 1) 
Ce )9 
Nd 24 
Sc 45 
V 2 4 6 
C r 
Mn 
Co 
Ni 
Cu 
Zn 
Ga 
84 
1160 
)7 
25.0 
17.0 
136 
22.8 
59 
51.) 9 
0.71 
16.)9 
1. 70 
5.1) 
0.12 
7.88 
11.17 
1. 98 
0.50 
0 . 07 
0.16 
2.07 
0.16 
0.46 
0.1) 
100.02 
0 . 08 
99 . 94 
100 
19.0 
204 
6.5 
2.8 
0 . 6 
50 
1.0 
15 
7 
1 5 
9 
)9 
172 
125 
9 )0 
47 
47 . 5 
51 
61 
15.2 
19 
51. 47 
0 . 62 
16.)6 
1. 68 
5.06 
0.12 
7.95 
11. 40 
1. 77 
0.42 
0.05 
0.10 
2.50 
0 .11 
0.)6 
0.15 
100.12 
0 . 05 
100.07 
100 
1) . 5 
216 
6.5 
).2 
0.8 
57 
0 . 5 
15 
9 
20 
9 
41 
158 
251 
9 4 5 
41 
70 
27.5 
65 
14 . 8 
)0 
51. 56 
0 . 52 
16.77 
1. 44 
4 .46 
0.11 
8.5) 
11. 94 
1. 8 2 
0.)7 
0.05 
0.08 
1. 79 
0 . 07 
0.27 
0.20 
99.98 
0.04 
99 . 94 
80 
12.5 
209 
5 . 5 
).0 
0.4 
47 
0.5 
1) 
7 
18 
9 
)9 
136 
644 
885 
)6 
84 
26.5 
55 
13.8 
18 
52.77 
0 . 74 
15.82 
2. )l 
5.75 
0 . 13 
7.18 
10.)9 
1. 67 
0.95 
0.10 
0.11 
1. 42 
0.12 
0 . 28 
0.20 
99.94 
0 . 05 
99 . 89 
195 
)) . 5 
2)9 
8.0 
4.8 
0.8 
78 
2.5 
18 
15 
)l 
1) 
40 
229 
)56 
10 )0 
4) 
6 4 
)).0 
8) 
16 .4 
56 
52.80 
0.74 
16.21 
2.10 
5.48 
0.12 
7. )) 
10.44 
1.74 
0.66 
0.07 
0 . 11 
1. 51 
0.14 
0.)0 
0.18 
99.9) 
0.05 
99.88 
155 
24.5 
22) 
7.0 
4 .4 
0 . 6 
69 
2.0 
15 
12 
27 
12 
41 
211 
285 
925 
4) 
61 
28.0 
72 
16.6 
28 
5 4 .45 
0.62 
16.22 
1. 86 
4.96 
0 . 11 
6. 5 6 
9 . 57 
2. ) 2 
0.64 
0.10 
0 . 1) 
1.71 
0.10 
0. 4 2 
0.17 
99.94 
0 . 06 
99.88 
125 
22.5 
2)4 
12.0 
).6 
0.6 
9) 
4.0 
19 
14 
)) 
15 
)7 
14) 
259 
870 
)6 
56 
)4.0 
77 
17 . 4 
29 
55.55 
0.9 4 
15 .6 2 
2.07 
5 . ) 5 
0.11 
5.57 
8.2) 
1. 7) 
1. )6 
0.07 
0.15 
2. )4 
0.18 
0.40 
0 . 19 
99.86 
0.07 
99.79 
)05 
61 
221 
10.0 
6 . 2 
1.6 
120 
4.5 
13 
12 
)0 
12 
)1 
2)8 
174 
820 
)7 
51 
49 .5 
72 
16.6 
)) 
52.79 
0.90 
18.41 
1. 96 
4.90 
0.09 
4.57 
9.0) 
1. 79 
1. 67 
0.24 
0 . 2) 
2.)8 
0.10 
0 . 58 
0.20 
99 . 84 
0.11 
99.7) 
)80 
66 
)09 
9 . 0 
5.2 
1.2 
85 
2.5 
8 
17 
)0 
9 
18 
198 
15) 
675 
)) 
5) 
66 
67 
19 .0 
....... 
o 
N 
OJ 
No. 
54 high-alumina metadolerite 
59 metagabbro 
30 least altered metadolerite 
19 sheared equivalent of 30 
18, 56, 28 and 29 metasomatized metadolerites 
33 plagioclase-rich material between amphibolite pods (see Fig. 2.4b). 
....... 
o 
N 
103. 
0 0 / 
/ ./ / 2.0 r- 0 31- .~ 0 BEl ~. Y 0 0 N 0 / 0 0/ 0 0/ N 
Z 1. 5 r- ~ 21- Q) 6>/0 
N CO N 00 
0 0 1.0 000 0 1 I- 0 ~ 0 o 0 0 00 0 a 
o 0 
~ 
.1 ~ 1 1 ~ ~ 1 1 ~ 
~ 0 0 a 0 0 0 0 8r-~ c 200 >- §l 0 
.......... L 0 6' 0 .......... o 6 I- 00 (f) 0 ~ 00 a OJ 0 CO 150 r- 2: 0 E 
'" 
~ 0 0.... 000 
.......... 0.... 00 0 
'" 
N 4 - 0 .......... o 0 
.......... 100 I- a " . 
21- ." 0 ........... 
.l. .l. .l. 1 1 
_I 1 1 
.l. ~ 
u 
~ 
0 
600 r- 18 I-
L (T) 0 U 0 
Coo 400 r- N 16 r- C0 
........ 
0 
'b E 0 a 0 0 <:: 0.... 0 00 o ........... 
........... ............. 
0.... 0 
0 0 000 N 14 I- ij)°o ........................ ......... 200' r- ........... 0 
........... 0 Ill> 
----
0 
cP 0 ~ ~ 1 a ~',-....,... I ~ P 1 1 I I 
1600 I-
a 0 0 I'" 
0 
0 0 0 21 I-00 
[ 1200 Ij 0 0 2: C) 
0 
E 0 E 18 I- 0 0.... t5 0 0.... 0 CO 0;........... " . 0.... 0 0; 0.... 
........... " 800 r- 0 8 0 <0 ........... . .......... .......... 0 
.......... (~ ... J 0 a 15 I- 0 0 0 0 0 00 
400 ~1 _1 1 1 1 I ,0, 1 I 
.l. I 
50 55 60 65 70 50 55 60 65 70 
7. Si02 7. Si02 
Figure 5.7 8 chemical variation diagrams plotted against Si02 from 
data of 8 amphibolites (squares) and hornblende-bearing xenoliths (circles). 
Square with cross refers to the high-alumina amphibolite, sample No 54. 
Reference regressions are dash-dot line (and field): Clear Range Suite, 
dashed line: Murrumbucka Tonalite. 
-- -
----- ~----------------------------------------.......... ~ 
104. 
(f) As a group, the hornblende- bearing xenoliths are chemically 
distinguishable from the amphibolites on all plots except that against 
K20. Compared with amphibolites, the xenoliths generally have higher 
MgO and Mn and lower A1 203, Na 20 and Sr. 
5.5 Group-4: Silurian Volcanics 
Table 5. 8 shows 2 analyses of crystal lithic dacitic tuffs from 
the Bransby beds, of which one (No 71) is extensively altered (note its CO
2 
content). Analysis No 63 is of a devitrified (probably potassic-altered), 
phenocryst-poor rhyolite from the Colinton volcanics. None of these 
analyses can be chemically correlated with any of the granites; in fact 
no plutonic equivalents can be recognised. There are however, close 
chemical sinlilarities for all analysed components, between analysis No 72 
and the chemical trends for the Laidlaw Volcanics (Johnston et . al . in prep .) 
strengthening the proposition of Dr B.A. Duff (per s . comm .) that these units 
are lithological equivalents (despite the ~ 60 km. between the sample site 
of No 72 and that of the samples whose data defines the Laidlaw Volcanics' 
chemical variation trends). 
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Table 5.8 Analyses of Group-4 acid to intermediate volcanics. 
Sarnple# 71 72 63 
Si02 67.28 67.39 71.90 Ti02 0.53 0.62 0.65 A1 203 13.76 14.46 13.24 Fe 2 03 1. 89 1. 45 0.59 
FeO 2.06 2.50 1.39 MnO 0.13 0.05 0.01 
r1g0 1. 37 1. 68 0.21 CaO 2.95 2.88 0.87 
Na20 2.10 2.69 2.92 
K2 0 3.37 3.51 6.54 P2 05 0.11 0.14 0.17 S <0,02 <0.02 0.08 
H2O+ 1. 85 1. 86 O. 73 H2 O- 0.20 0.15 0.08 CO2 2.07 0.29 0.22 
rest 0.23 0.21 0.20 
O=S 99.80 
0.04 
99.90 99.88 99.76 
Trace e lerne nts 
Ba 1040 655 835 Rb 151 131 132 Sr 131 212 95 Pb 15.5 21.0 6.5 Th 16.8 19.2 16.8 U 2.6 3.4 3.4 Zr 157 222 216 Nb 8.0 10.0 10.0 Y 27 32 3 2 La 34 36 38 Ce 73 83 93 Nd 26 31 38 Sc 17 12 20 V 103 79 38 Cr 46 37 16 l'1n 1010 395 100 Co 13 11 8 Ni. 12. 5 8.5 3.5 Cu 11. 0 8.5 1.5 Zn 51 64 30 Ga 16. 0 16.8 10.2 
Nos 71 (altered) and 72: dacitic crystal lithic tuffs (from Bransby Beds: probable correlates of Laidlaw Volcanics); No 63; rhyolite from Colinton Volcanics. 
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Table 5.9 
[Sample ' 
Si02 
Ti02 
A1 20 3 
fe203 
feO 
MnO 
MgO 
CaO 
Na20 
K2 0 
P205 
S 
H2 0+ 
rest 
ER-l 
3 4 .99 
3.06 
16.80 
2 .1 9 
21 . 62 
0.14 
7.57 
0.19 
0.13 
9.60 
0.01 
0.03 
3.80 
0.31 
100.44 
Trace elements 
Sa 13 70 
Rb 534 
Sr 15 
Pb 14 
Zr 
Nb 
Y 
La 
Ce 
Nd 
Sc 
V 
Cr 
Ni 
Cu 
Zn 
Ga 
37 
47 
15 
31 
11 
22 
46 9 
46 
22 
11 
383 
31. 5 
Analyses of biotite and hornblende separates from the 500 Acre Granodiorite (1st biotite analysis) 
and the Murrumbucka Tonalite. 
ER-5 
37.53 
1.77 
16.91 
1. 96 
15.16 
0.13 
15.68 
0.22 
0.27 
8.99 
0.05 
0.02 
3 . 80 
0.38 
102.87 
1820 
419 
5 
11 
16 
23 
10 
11 
7 
6 
377 
555 
152 
36 
279 
26.5 
ER-12 
37.36 
1. 70 
16.97 
1. 95 
16.04 
0.29 
12.39 
0.12 
0.13 
9.86 
0.03 
0.02 
3.80 
0.30 
100.96 
1080 
479 
6 
8 
26 
9 
22 
5 
12 
21 
393 
496 
126 
19 
280 
28 . 0 
ER-14 
37.50 
1. 69 
17.15 
1.71 
16.03 
0.28 
12.52 
0.20 
0.1 4 
9.85 
0.04 
0.02 
3.80 
0.32 
101.25 
13 30 
466 
4 
10 
36 
11 
12 
11 
6 
16 
388 
499 
118 
35 
269 
26.5 
ER-21 
37.11 
1. 95 
17.08 
1. 97 
16.23 
0.27 
12.53 
0.18 
0 .14 
Y.44 
0.03 
0.02 
3.80 
0.28 
101.03 
910 
489 
8 
9 
20 
12 
4 
7 
14 
383 
479 
120 
35 
277 
26.5 
ER-22 
37.06 
1.72 
16.77 
1. 48 
16.33 
0.27 
12 . 38 
0.18 
0.17 
9 . 68 
0.04 
0.02 
3.80 
0.36 
100.26 
1570 
439 
6 
10 
36 
19 
13 
4 
8 
25 
408 
565 
139 
28 
281 
28.0 
ER-25 
37.30 
1. 86 
16.82 
1. 79 
16.24 
0.27 
12.57 
0.12 
0.11 
9.83 
0.03 
0.02 
3.80 
0 .34 
ER-5 " 
45.73 
0.7 4 
10 . 94 
4.36 
12.46 
0. 41 
11. 32 
11.27 
1. 06 
0.36 
0.10 
0.02 
2.10 
0 . 21 
101.10 1101.08 
1440 30 
471 4 
7 14 
9 12 
22 67 
14 10 
162 
1 25 
3 95 
77 
26 153 
403 541 
538 496 
133 72 
29 75 
270 212 
28.5 21.0 
ER-12 
49.86 
0 .34 
6.61 
2.65 
12.33 
0.45 
13.36 
12.50 
0.65 
0.47 
0.0 4 
0.02 
2.10 
0.20 
101.58 
20 
4 
10 
10 
4 9 
12 
393 
17 
64 
72 
331 
383 
371 
66 
15 
167 
12.5 
ER-14 
48.94 
0.37 
6 . 72 
3.39 
12.07 
0.43 
13 .15 
12.33 
0.68 
0.48 
0.06 
0.02 
2.10 
0.20 
ER-21 
49.23 
0.34 
7 . 42 
2 .76 
12.29 
0. 44 
13.09 
12.46 
0.75 
0.41 
0.06 
0.02 
2.10 
0.19 
ER-22 
48.30 
0.48 
7.33 
3.58 
11.89 
0.39 
12.56 
12.59 
0.67 
0.58 
0 . 06 
2.10 
0 .19 
ER-25 
49.44 
0.32 
6.46 
3.10 
11. 75 
0.41 
13 . 50 
12. 44 
0.60 
0.46 
0.05 
0.02 
2.10 
0.19 
100.94 101.56 100.74 100.84 
20 20 30 30 
3 5 3 
11 14 10 13 
12 13 9 9 
56 51 70 33 
12 14 10 12 
286 2 47 249 326 
25 23 12 15 
79 98 32 53 
87 84 41 59 
284 267 319 320 
384 438 409 378 
376 342 404 378 
69 63 74 74 
47 43 26 18 
189 204 184 184 
12.5 15.5 15.0 14.0 
* contains 12% cummingtonite. 
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CHAPTER 6 
G RAN I T E PET R 0 G ENE SIS 
6.1 Introduction 
This chapter seeks to use the field, petrographic, chemical and 
isotopic data, described in previous chapters, to model petrogenesis for 
the region's granites. A brief background review of granite petrogenetic 
models is first given, in which petrogenesis is considered to the context 
of recent experimental studies of siliceous silicate melt and partial -melt 
properties. The petrogenesis of each granite is then discussed. Calcul-
ations of granite partial-melt model-residue and source-component 
compositions (analyses 7, 8, 10 and 12 of Table 6.1) occur in Appendix H. 
Gap Granodiorite magma melt-component volume fractions are calculated in 
Appendi x 1. 
6.2 Background 
Since it was shown that hydrous siliceous silicate melts could be 
produced under conditions which commonly prevail within the crust (Tuttle & 
Bowen, 1958), the geological, petrographic, chemical and isotopic variations 
within and amongst granite plutons have been exp lained using magma -modifying 
processes developed originally from studies of the petrogenesis of mafic rocks. 
These processes are crystal fractionation (e.g.: Arth & Hanson , 1972; 
Rapela & Shaw, 1979), progressive partial melting (e.g. Emmermann, 1975, 1976) 
and contamination (e.g. Wyllie et . al. ~ 1976, p 1017; Philips, 1980). 
Compared with other silicate melts however, hydrous siliceous melts have: 
(a) lower solidus temperatures (e.g. Tuttle & Bowen , 1958; Mehnert, 
1973; Wyllie, 1977), 
(b) restricted felsic compositions (even when coexisting with mafic 
sol id phases) up to temperatures of 'V 80 to 1000 above the water-saturated 
minimum-melt solidus (e.g. Busch et . al .~ 1974; Thompson & Algor, 1977; 
Wyllie, 1977; Winkler, 1979), and 
(c) very high viscosities (up to 'V 10 6 poise) (e.g.: Shaw, 1963; 
Burnham & Davis, 1971; Younker, 1977). 
In view of these properties, granite magmas are considered most commonly 
to be suspensions of solid residue(both modified source-restite and 
melt crystalyzate) in a relatively felsic melt (e.g. Bateman et . al .~ 
1963; Chappell, 1966, 1978; White & Chappell, 1977; Bateman & Nokleberg, 
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1978; Bateman & Chappell, 1979). An important granite magma-modi fyi.ng 
process is therefore considered to be a mechanical fractionation process 
involving the progressive separation of solid from liquid. If this solid 
is source residue (restite: cognate xenoliths, microxenoliths and xenocrysts) 
and if any simultaneous crystal fractionation that occurs is modal 1 crystal-
lization, then linear data trends on chemical variation diagrams will result. 
Such restite-control of magma evolution would mean that the granite's 
residue, source and melt compositions are all constrained to lie on these 
linear data-trends or their linear extensions (e.g. Chappell, 1966, 1978; 
White & Chappell, 1977; Compston & Chappell, 1979). As a consequence of 
their high viscosities, granite magma-mixing, or any other contamination 
process to yield pluton-sized volumes of homogeneous hybrid granite is 
regarded as untenable (Chappell, 1966; Pitcher, 1978). 
Siliceous melts have the capacity to dissolve large mass-fractions 
of water (e.g.: Tuttle & Bowen, 1958; Burnham & Davis, 1971; Khitarov '& 
Kadik, 1973), which results in significant changes in certain physical 
properties of the melt. Thus relative to water-saturated siliceous melts, 
undersaturated melts: 
(a) have higher solidus temperatures which have positive slopes in PT 
space (e.g. Wyllie et . aL ~ 1976; Wyllie, 1977; Winkler, 1979), 
(b) are more dense (Burnham & Davis, 1971), and 
(c) have viscosities which are up to 2 orders of magnitude higher 
(Shaw, 1963; Burnham, 1975). 
Such variations are obviously important in considering the relative rates 
and roles, played by the magma-modifying processes, during granite 
petrogenesis (Reid & Stewart-Richardson, in prep .). 
The major effects of adding CO2 to hydrous siliceous melts are: 
(a) to decrease the water activity in the melt (Tuttle & Wyllie, 1968; 
Khitarov & Kadik, 1973; Swanson, 1977), 
(b) to decrease vapour-solubility in the melt which therefore dehydrates 
more readily once vapour saturation has been reached (op . cit .), and 
(c) to increase the solidus temperature (Thompson & Algor, 1977; 
Wyllie, 1977; Thompson & Tracy, 1979; Winkler, 1979). 
1 modal crystaliza tion produces a solid, the composition of which is the 
same as the melt (neg lecting the volitile component). 
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Re latively hot, viscous granite magm~s should therefore result, for instance 
from the partial melting of a sediment which is either relatively dry or 
which contains a significant carbonate component. 
The existence of S-type t onalites does not preclude their magmas 
from having been mixtures of felsic melt and mafic restite since the K-
feldspar component necessary for the melt of such a magma is considered to be 
amply represented in the rock, as ~ 40 wt. % of the biotite and up to 18 wt. % 
of the crystallized plagioclase (Winkler, 1979, p 308; see also Fig. 3.6). 
6. 3 Petrogenesis of the Gap Granodiorite 
Since quite small areas (down to ~ 25 m2) of this granite often 
occur, scattered through the high-grade gneisses of the eastern zone, granite 
petrogenesis is considered to have occurred essentially in situ . Comparative 
petrography between granite and neighbouring gneiss reveals many similar 
features. For instance the red-brown biotite present in the metasediments 
can neither be optically nor texturally distinguished from that in the 
granite and this phase within the granite is considered to have formed prior 
to and be unrelated to the generation of silicate melt (see Chapter 3). 
The best estimate at hand, of the average composition of south- . 
eastern Australian Upper Ordovician metaflysch, is an average of 22 analyses, 
consisting of 6 from the Murrumbucka region (Table 5.1) and 16 from the 
Kosciusko region analysed by Wyborn (1977). This mean (analysis No 15, 
Table 6.1) may approach the source-composition of the Cooma Suite granites. 
An average of the 5 lea st altered granites (the first 4 Gap Granodiorites 
from Table 5.1 and one of the Cooma Granodiorite, (Chappell & White, 1976)), 
is shown in Table 6.1 as analysis No 14. Comparison of these two means 
reveals significant discrepancies for CaO, Na 20, Sr and Mn, which are all 
higher in the granite mean. These differences are interpreted as indicating 
that: 
(a) Cooma suite granite is unlikely simply to be ultrametamorphosed 
Upper Ordovician metaflysch, 
(b) some melt has been added to the high-grade metasediment of a select 
composition range, in order to produce Cooma Suite magma and 
(c) the magma' s melt contained essentially, only KNCASH major-element 
chemical components. 
There is no petrographic evidence of restite calcic cores to 
plagioc l ase crystals in the Cooma Suite granites studied, so all plagioclase 
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is considered to have crystal lysed from the melt. An estimate of the 
maximum possible volume fraction of melt which could be obtained both from 
the granite and the metasediment averages, may be obtained using data of 
Winkler (1979, p 296) . These data consist of tabulated normative mineral 
proportion equivalents for various melts which occur along the cotectic line 
through the salic (Q-Or-An-Ab) tetrahedron (i.e., in the KNCASH chemical 
system) . Water-saturation and a liquid to solid magma component density 
fraction of 0.9 (van der ~10len & Anderson, 1979) have been assumed and the 
minor concentrations of Na 20 which probably occur in the restite cordierite 
(Deer et . al .~ 1972) and in biotite (Tetley, 1978; Vernon, 1978), have been 
neglected. Modal data (see Fig. 3.5), together with the metamorphic 
features, are interpreted as indicating that at the time of crystallization, 
Gap "Granodiorite" had abundant quartz and K-feldspar, and that plagioclase 
was the melt-volume limiting phase. Accordingly, the melt-volume fractions 
for the ~~ ratios deduced from the chemical data, indicate volume-fraction 
maxima of '\, 0.20 for the sediment average and '\, 0.60. for the granites (see 
Append i x I). The former 1 i mit is below tha t of '\, 30-35% cons i dered by van 
der Molen & Anderson (1979) to be the mixture containing the least liquid, 
still capable of behaving as a suspension (and hence be termed a magma) . 
Melt-fraction values for the granites however, are clearly above the latter 
limit so from a structural point of view, such mixtures would be true magmas. 
van der Molen & Anderson (1979) have shown that with applied shear-stress, 
melt is drawn into material containing less than this limiting fraction of 
melt. This appears to have occurred during the formation of Gap Granodiorite. 
It is considered to have developed locally from the rupturing of the migmatite 
produced by ultrametamorphism of the least refractory (most Na
2
0 and CaO-rich) 
metasediment, with consequent draining of melt from surrounding migmatites, 
to eventually produce a magma. Once formed, magma generation would tend to 
be self-sustaining from a mechanical point of view, since its lower mean 
density would promote its mobility and hence further migmatite rupture. 
That the Gap Granodiorite is so sporadic in occurrence could be a consequence, 
under the prevailing metamorphic conditions of: 
(a) the rur ity of that metasediment with the least refractory 
composition, and/or 
(b) the lack of sufficient water to produce the amount of melt 
required to overcome the threshold strength of the resulting migmatite. 
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6.4 Petrogenesis of Group-2 Granites 
6.4.1 Introduction 
Abundant xenolithic and xenocrystic granite components and linear 
chemical variation diagram trends (see Figs . 5.2 and 5.3) are interpreted 
as indicating that the dominant Group-2 granite magma-modifying process was 
restite-unmixing and so the role of crystal fractionation, which is considered 
to have occurred simultaneously (Reid & Stewart-Richardson, in pr ep .), was 
probably of minor significance; the latter process won't be considered in 
the petrogenetic modelling below. Two component unmi xing implies that the 
composition of the mean source as well as those of the melt and the residue, 
just lie on the trends or their regression extensions. It is often possible 
to find limiting compositions of melt or residue on these trends, using con-
straints set by zero normative mineral or chemical component contents (as is 
used for I-type granites by Compston & Chappell, 1978). The mean-source 
composition however, is much more difficult to precisely estimate. From 
consideration of the petrogenesis of Cooma Suite granites, a source could 
contain as little as 20 volume % of potential melt, yet still be capable of 
producing a granite. Alternatively, the source may contain large quantities 
of potential melt yet due to either a lack of sufficient water or to an 
abundance of CO2, only a portion of this may actually melt. The most mafic 
granite of a particular suite must have been a magma containing a liquid 
volume fraction equal to or greater than the quantity required to fill crystal 
interstices (~ 35% : van der Molen & Anderson, 1979) and to have been emplaced 
as a suspension-like magma (~ 30-35% , op. cit .). Nearest estimate, model 
source compositions for the Clear Range and Murrumbucka Suites then, have been 
taken as those containing as much FeO* as the most mafic samples known respec-
tively, from each suite. 
vo 1 ume % me It . 
Each model source is assumed to have contained 35 
Wyborn (1977) considers Cambrian and Precambrian greywackes of the 
Kanmantoo and the Robinson Bay groups to have compositions similar to the 
source sediments of the Lachlan Fold Belt's S-type granites. Variation 
diagram data trends for these sediments cross those of the S-type granites, 
thereby defining a common chemical field which establishes a model mean 
sediment source composition for the S-type granites. This composition 
(analysis No 16, Table 6.1) is used as an independent guide to the source 
composition of Group-2 granites. 
6.4.2 500 Acre Granodiorite 
Consideration of the features of this granite in terms of the 
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I-S criteria of Table 1.1 do not unamb iguously categorize this relatively 
felsic granite as an S-type. Initial strontium isotope ratios of the Shannons 
Flat Adamellite (considered by the author to be consanguinous with the 500 
Acre Granodiorite) however, are of S-type character, being < 0.708 (~0.710: 
Roddick & Compston, 1976). Since the most mafic 500 Acre Granodiorite 
samples at ~ 68.5% Si02) are tonalites, their magmas probably contained close 
to the lower limit of melt needed for mobility, indicating the presence of an 
Si02-rich residue and therefore an Si02-rich source. Such a source is more 
likely to be of sedimentary origin than of igneous origin. 
Since no xenoliths have been found in this granite then its magma 
was likely to have had a relatively low viscosity, enabling the melt to 
have largely lost its suspended solid residue. Water-rich melts have low 
viscosities (Burnham & Davis, 1971) and such a magma for this granite is 
supported by the abundance of associated aplites (e.g. analysis No 20, 
Table 5.2) and pegmatites. 
Magnetite is thought to have been an abundant oxide phase at the 
time of crystallization. Though an unusual phase in S-type granites, it 
is widespread within the Shannons Flat Supersuite (Whalen, in prep .). 
The implied oxygen fugacity is higher than that usually encountered in 
S-types which could be due in part to the tendency towards oxidizing 
conditions by magma which has lost H2, for example, through venting 
(e.g.: Czamanske & Wones, 1973). There is no other evidence for venting 
of this magma, however, which is considered unlikely in view of its water-
rich nature. The feature is considered therefore to be largely one 
inherited from the source. Compared with other S-type granite sources 
then, that of the 500 Acre Granodiorite is suggested to have contained 
lower concentrations of magma-reducing species such as sulphide-sulphur 
and C-H or C-C bonded compounds. Though deduced to be felsic, the source 
of this granite was not Upper Ordovician flysch, since unlike the granites 
derived from that source, restite calcic cores to plagioclase crystals are 
abundant in the 500 Acre Granodiorite and high contents of CaO and Na 20 
relative to A12~3 give this granite low A-indices, characteristic of the 
Shannons Flat Suite. 
6.4.3 Clear Range Tonalite 
Consideration of the features of this granite in the light of the 
I-S discriminants (Table 1.1) leaves no doubt as to its sources sedimentary 
-
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origins. In contrast to the 500 Acre Granodiorite, the Clear Range 
Tonalite contains abundant xenoliths, suggesting that the magma of the 
latter granite was more viscous than that of the former. The general 
restricted chemical dispersion of this mafic granite, its absence of aplites 
and the presence of calc-silicate xenoliths is supportive of it having been 
a relatively viscous,C02-containing magma. 
Figure 6.1 shows some data regressions for the major S-type suites 
of the south-eastern portion of the Lachlan Fold Belt, using FeO* as the 
reference component. Though not distinguished in plots against Si0
2
, 
separation of regression lines can be prominent in plots against other 
components. Lines marked III (Clear Range Suite) are often significantly 
displaced in slope, relative to those of the largest mafic S-type suite, 
the Bullenbalong Suite (lines marked "2"), a feature which alludes to 
significant differences in source compositions for these two suites. The 
Bullenbalong Suite melt end-member may be represented in the field, in the 
field, in the Snowy Gap Pluton of the Kosciusko Batholith. The suitels 
data regression, based upon the FeO* content, yields Cr and Ni contents 
of 5 and 3 ppm. respectively (see analysis No 1, Table 6.1). For the Clear 
Range Suite, a felsic limit to the melt composition is set by the disappear-
ance of Cr (see analysis No 2, Table 6.1. Comparison reveals that the 
Clear Range melt is the more mafic of the two, especially since some Cr is 
expected to be present, due to the persistence of Ni (at 13 ppm) at the 
limiting composition. Analysis No 5 is a model Clear Range Suite source, 
calculated using the FeO* content of the most mafic yet unaltered sample 
known from this suite (sample No 62 , Table 5.3). A model Bullenbalong 
Suite source (analysis No 4, Table 6.1) has been calculated assuming it 
to be as iron-rich as that of the Clear Range Suite (that is, marginally 
richer in FeO* than the most mafic Bullenbalong Suite samp le). As would 
be expected, from comparison of the melt compositions, the Clear Range 
Suite model source is the more mafic of the two. It also contains less 
K20 and considerably more CaO than the Bullenbalong source. The C.I.P.W. 
normative calculations of these suites l sources are also shown. Without 
invoking a car90nate component to the Clear Range Suite source, a very 
anorthitic plagioclase is generated. By adding 0.9 wt. % CO2 however, 
2% calcite is formed leaving a residual sediment component (see norm. 2) 
which has many similarities with the Bullenbalong Suite source norm. 
Lower normative orthoclase reflects the lower K20 content of the Clear 
Range Suite source. Though 2% calcite is a minor component of the source 
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Analyses Nos 1, 2 and 3: melt compositions for Bul l enba l ong , 
Clear Range and Murrumbucka Suites . Norms given are calculated on an 
oxide-free bas i s; all mafic components are assumed to be i n s il ica t es . 
Analyses Nos 4, 5 and 6: source compos i tions for the Bu ll enba long, 
Clear Ra nge and Murrumbucka Suites . (2 C. I.P . W. norms are gi ven for the 
Clear Range source; 1st contains 0. 9 wt .% CO2, 2nd is ca l culated (l ike the rest) on a CO2- free basis . 
Analyses Nos 7 and 8~ Clear Range Suite model residua with 35 and 
55 vol. % melt extracted respectively, from the source . 
Analysis No 9: Murrumbucka Tonalite core of a hornblende -bearing 
xenolith (sample No 27). 
Analysis No 10 : mafic volcanic component of a model Murrumbucka 
Tonal i te source, consisting of Clear Range Suite model source (analysis No 5: 
80 wt. %, melt to solid density ratio: 0.9 as used by van der Molen & 
Anderson (1979)) together with a mafic volcanic component (20 wt. %) . 
Analysis No 11: mean of 2 analyses of Phanerozoic low-Na20 basaltic andesite pillow-cores from the Troodos complex (Cameron pers . comm.). 
Analysis No 12 : mafic volcanic component of a model Murrumbucka 
Tonalite source consisting of Upper Ordovician Flysch (54 wt. %) and a mafic 
volcanic component (46 wt. %). 
Analysis No 13: mean of 9 analyses of least-altered Ordovician 
Jugungal Volcanics (Wyborn, 1977). 
Analysis No 14 : mean of 5 analyses of least altered Cooma Suite 
granites (samples 16, 24, 60 and 66: Table 5.1; Cooma Granodiorite: 
Chappell & White, 1976). 
Analysis No 15: mean of 22 analyses of S.E . Australian Upper 
Ordovician quartz-rich flysch (Nos 80, 32, 53, 58, 26 and 39 of Table 5.1; 
16 analyses of L. Wyborn (1977) from Kosciusko region). 
Analyses No 16: estimate of source-composition for Lachlan Fold 
Belt S-type granites (op . cit .). 
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Figure 6.1 9 chemical variation diagrams plotted against FeO* showing 
linear regressions for some S- and IS - type granite suites of the Lachlan 
Fold Belt (regression parameters are in Appendi x G). Line 1: Clear Range 
Suite, line 2: Bullenbalong Suite, line 3: Ingebyra Suite, line 4: 
Shannons Flat Supersuite (i.e.: Shan nons Flat & Oalgety Suites), line 5: 
Murrumbucka Tonalite, line 6: Eastern Cootralantra; Western Cootralantra 
Granodiorite chemically resembles the Clear Range Suite. 
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sediment, it could generate CO2 to the extent of it being up to ~30% 
of the magma's volatile component (that is, for magma water contents of 
~2% (Wyllie, 1977; Winkler, 1979)). Such relative proportions would 
have significant petrogenetic consequences, promoting a hotter, more mafic 
and more viscous magma melt component for the Clear Range Suite magma 
compared with that of the Bullenbalong Suite. 
Table 6.1 indicates that the Clear Range Suite source was richer 
than the Bullenbalong Suite source in Cr (and MgO) which may reflect a 
greater mafic volcanic source-component than that in the former suite. 
The Clear Range Suite source then, is thought to have been less 
pelitic than that of the Bullenbalong Suite. In addition, the former 
source is thought to have contained a more extensive carbonate component 
and probably a greater volcanic component as well. 
6.4.4 Murrumbucka Tonalite 
Table 1.1 shows that this granite cannot be classified simply as 
either of 1- or S- type. Regressions for this granite (lines numbered 
'5' on Pig. 6.1) are such that no component goes to zero until Si02 contents 
approach 80%. Assuming the Murrumbucka magma's melt to have had the same 
FeO* content as that of the Clear Range Suite magma, then a very mafic 
composition (analysis No 3, Table 6.1) results, which contains as much Cr 
as that of the Bullenbalong Suite model source (analysis No 4). A 
Murrumbucka model source (analysis No 6) has been chosen with an FeO* 
content equal to that of the most mafic granite sample (No 5, Table 5.5). 
It contains ~twice as much Cr and Ni of the other model source compositions. 
Mixing of Clear Range Tonalite and amphibolite material to produce 
a hybrid Murrumbucka Tonalite is discounted on mechanical and chemical 
grounds. As shown in Chapter 5 (Fig. 5.5) it is not possible to duplicate 
all the chemical features of the Murrumbucka Tonalite by the mixing of 
these two rock-types. Further evidence against mixing comes from REE 
data. Figure 6.2 shows that the log chondrite normalized REE pattern of 
the bulk of the Clear Range Tonalite samples are not significantly 
different from that of the Murrumbucka Tonalite. The amphibolites, 
however, have distinctly lower REE concentrations. The weight fraction 
of amphibolite that would be required to produce a hybrid with a major-
element chemistry comparable to the Murrumbucka Tonalite (~O.3) would lead 
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Figure 6.2 Graphs of log of chondrite normalized REEls versus atomic 
number (with Y in the position of Ho) for amphibo1ites and some Group-2 
granites. Figure -A shows the field for data of samples 2, 3, 4, 7, 8, 
35 and 74 (± 10), together with those of two samples with higher LREEls 
(Nos 34 and 62) and the two least altered amphibo1ites (Nos 30 and 59). 
Figure -B shows the field for data of samples 5, 9, 12, 14, 21, 22, 23, 
25, 41 and 73 (± 10) together with those of the 3 other samples of this 
rock-type analysed in this study (Nos 37, 38 and 76). Figure -C shows 
the data for 6 amphibo1ites; the pattern for data of amphibolite sample 
No 28 is very similar to that shown for sample No 12 whereas the pattern 
for data of sample No 29 is very similar to that shown for sample No 56. 
The pattern for the Soho St . amphibolite (Cooma) is shown as a dotted line. 
The diagram shows that REE patterns in the Murrumbucka Tonalite cannot be 
duplicated by mixing Clear Range Tonalite with any of the analysed 
amphibo1ites. 
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to REE patterns clearly distinguishable from that of the Clear Range 
Tonalite. Sample No 76 (Table 5.5) is the only Murrumbucka Tonalite for 
which a mixing-petrogenesis is compatible with REE data, however, 
consideration of other chemical features negates such a petrogenesis for 
this sample. Hornblende-bearing xenoliths have many chemical features 
which distinguish them from the amphibolites. Not all of these can be 
ascribed to modification of amphibolite pieces by immersion in a felsic 
melt. For instance, high-temperature, plagioclase (An 97 ) to basaltic 
melt Sr-partition coefficients are greater than 1 (~1.3: Phil potts & 
Schnetzler, 1970) whilst decreasing temperature, increasingly felsic melts 
and increasing Ab-components have been shown (op . cit .; Tanaka & 
Nishizawa, 1975; Schock, 1977; Vernieres et . al '
J 
1977) will increase 
this coefficient. Sr, thought to occur largely in plagioclase within 
the xenoliths, should stay within this mineral and therefore within the 
xenoliths, and not move out into the granite melt. Sr contents of the 
amphibolites are higher than most hornblende-bearing xenoliths which 
therefore precludes these xenoliths from being melt-modified amphibolite. 
An alternative petrogenesis of the Murrumbucka Tonalite involves 
partial melting of a sedimentary sequence which contained an abundant 
mafic or intermediate volcanic component. By virtue of the similarities 
in the non-hornblende-bearing xenolith component of the Murrumbucka 
Tonalite and the xenoliths of the Clear Range Tonalite and the frequent 
occurrence of the Murrumbucka Tonalite data located between that of the 
Clear Range suite and hornblende-bearing xenoliths on chemical variation 
diagrams (see Fig. 5.4), a two-component Clear Range + volcanic source 
to the Murrumbucka Tonalite may be postulated. It is possible to derive 
hypothetical volcanic-component compositions, given the component's mass -
fraction, using the mode l source compositions for the Clear Range and 
Murrumbucka Suite granites (analyses Nos 5 and 6, respectively, of Table 
6.1). Analysis No 10 is such a construction. It bears some resemblance 
to the compositions of some hornblende-bearing xenoliths, especially with 
its low alkali-contents. It resembles however, very few mafic volcanic 
rocks, except- perhaps certain highly refractory ocean-floor basaltic 
andesites with komatitic affinities (Cameron pers . comm.) of which 
analysis No 11 is a composite example. Only if the alkali content of the 
source-component sediment is very low, may reasonable volcanic compositions 
result from a 2-component source model. By assuming Upper Ordovician 
flysch as the sediment source-component, a hypothetical (high-alumina) 
basalt composition (analysis 12) is implied, which has the maximum content 
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of Na20 of 2.60% (limited by vanishing Rb). It compar~s not unfavourably 
with an average of 9 relatively fresh Ordovician meta-basalts from Mt. 
Jugungal (Wyborn, 1977) (analysis No 13). However, field evidence does 
not support an Upper Ordovician source compont for this granite; calcareous 
material is very rare in the Upper Ordovician flysch, whilst calc-silicate 
xenoliths are common in the Murrumbucka Tonalite. Further, some 46 wt. % 
of the hypothetical basalt is required. Integration of basalt with 
sediment in the model source, would be expected to result in Na
2
0-
absorption from seawater during basalt alteration (e.g., Hajash, 1974; 
Mottl et a Z., 1974; Bischoff & Dickson, 1975) so that the Na
2
0 content of 
the fresh basalt component is likely to be less than the 2.60% of analysis 
12 even with a quartz-rich flysch sediment source compliment. M~rrumbucka 
Tonalite petrogenesis by the partial-melting of a sedimentary source 
containing an extensive volcanic component is therefore possible only for 
component volcanic and sedimentary rocks having an unusually low Na
2
0 
content. 
Another petrogenetic model involves remelting of the residue 
left after generation of the Clear Range Tonalite magma. By assuming that 
the Clear Range Suite model source composition (analysis No 5, Table 6.1) 
consisted of 35 vol. % Clear Range Suite melt (analysis No 2) and the liquid 
to solid density ratio was 0.9 (van der Molen & Anderson, 1979), then a . 
Clear Range Suite model residue may be calculated (analysis No 7). 
Considering the many assumptions involved in its derivation, the 
similarity between the composition of this residue which is derived solely 
from Clear Range Suite data and the Murrumbucka model source (analysis No 6), 
is remarkable. By extracting larger quantities of melt from the Clear 
Range Suite model source, compositions resembling those of individual 
xenoliths can be deduced. Thus, by removing 55 vol. % of CIPW corundum-
normative Clear Range Suite model melt, a residue composition (analysis No 8) 
is obtained which compares favourably with that of the core of a large 
xenolith (analysis No 9, Table 6.1, recalculated from analysis No 27 of 
Table 5.6 on the same basis as the other analyses in Table 6.1). This 
petrogenetic model, one of a second partial melting event from the same 
source, is consistent with the following features of the Clear Range and 
Murrumbucka Plutons: 
(a) their close spatial relationship, with the Clear Range Tonalite 
being intruded by the Murrumbucka Tonalite, 
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(b) a nebulous contact between t he two plutons which could be done to 
partial melting of the Clear Range Tonalite by the hotter intruding 
Murrumbucka Tonalite, 
(c) a similar xeno lith compliment in both granites, but a greater 
abundance of refractory calcic, alkali-poor xenoliths in the Murrumbucka 
Tonalite, 
(d) the presence in the Murrumbucka Tonalite, of a wide range of 
hornblende-bearing xenoliths which could each represent residue from the 
partial melting of a particular sediment, after removal of the corundum-
normative melt (see Table 6.1), 
(e) the ubiquitous occurrence in the same granite, of composite 
xenoliths (see Fig. 2.12) whose morphology is similar to those seen in the 
Gap Granodiorite (GR892270), a feature which suggests a mixed source and is 
probably characteristic of S-type granites, 
(f) the refractory composition of the Murrumbucka Tonalite, with lower 
contents of Na 20 and K20 together with high contents of CaO , MgO, Cr and Ni, 
compared with those of the Clear Range Tonalite. 
Murrumbucka model source has minor C.I.P.~.-normative corundum 
(see analysis No 6, Table 6.1). The most mafic Murrumbucka Tonalite sample 
(No 5, Table 5.5) , the composition of which is quite similar, has only minor 
C.I.P.W.-normative diopside (di = 0.26%), yet it contains 12.2 modal % horn-
blende (see Appendix F). The amphibole separate analysed from this sample 
is the most aluminous of those analysed (see Table 5.9). That this amphibole 
contains ~12% of the A1 203-poor species , cummingtonite, implies that the 
mean composition of the hornblende forming the remaining ~78% of the rocks' 
amphibole, i s more aluminous than the mean amphibole composition of Table 
5.9. ' Microprobe analyses (see Appendix E) show that rim-hornblende is 
especially aluminous and A1 203 may exceed 14 wt. %. In this and other mafic 
tonalite samples, hornblende often topotaxially replaces cummingtonite (see 
Fig. 2.11). The most likely restite-mineral precursor to cummingtonite is 
orthopyroxene (Deer et al ., 1972; probe-analysed cummingtonite (Appendix E) 
contains 76% C.I.P.W. normative hypersthene) so at least some of the 
hornblende in the Murrumbucka Tonalite is considered to have been ultimately 
derived from orthopyroxene and not clinopyroxene. Significant modal 
fractions of hornblende can occur in granites which have C.I.P.W.-normative 
corundum, for example, rock No 41 has 11.6 modal % hornblende and 0.54% 
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C.I.P.W.-normative corundum. These data indicate that the (characteristic) 
occurrence of hornblende in the Murrumbucka Tonalite is not incompatible 
with the source of this granite having a slightly C.I.P.W.-corundum-
normative composition. 
Field, petrographic and most chemical data for the Clear Range and 
Murrumbucka Suites is therefore thought to ·be consistent with petrogenesis 
of the Murrumbucka Tonalite by partial melting of the residue left after the 
melting event which produced the Clear Range magma. The Murrumbucka I-S 
granite may therefore have been derived ultimately from a sedimentary, non-
volcanic source, despite its I-type characteristics. 
6.4.4.1 Critique of Remelting Model 
Two important criticisms of the remelting model could be made: 
A. Chemical discrepancies 
A corollary of the model is that all Clear Range Suite chemical-
component data regressions must intersect those of the Murrumbucka Tonalite 
at the same abscissa component value, that is, that of the former granite's 
model residue and the latter granite's model source. From this intersection 
point, the slopes of the two regression lines should vary, for major elements: 
depending upon the two suite's end-member melt and bulk-residue compositions 
and for trace-elements: depending upon the bulk solid (residue) to liquid 
partitioning of each element in each of the two magmas . 
Figures 5.4 and 5.7 show that for CaO, K20, Na 20, ~~, Co, U and 
Cu, the lines converge at higher FeO* contents, in accordance with the 
model. For Si02, MgO, Ti02, A-index, Cr, Ni and Sr however, the lines are 
sub-parallel, whereas for Zn, A1 203 and Ga they actually diverge slightly. 
Such discrepancies with the model may be due to lack of data, since only 14 
data-point s define the regression lines for the Murrumbucka Tonalite. 
Chemical alteration may also be significant. Thus Fig. 6.2 shows that the 
strongly foliated, hornblende-absent sample No 37, (FeO* = 4.52%) and the 
mafic sample No 76 (FeO* = 6.20) have high and low LREE's respectively, 
relative to the rest of the samples. If their data-points are omitted, 
then the resulting 12-point Murrumbucka Tonalite regression lines converge 
at high FeO* values, upon the Clear Range Suite regression lines for nearly 
every chemical component, though for A1 203, Sr, Zn, Ti and Ga, the lines are 
sub-parallel. 
--
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It is noted also that the least silicic Clear Range Suite sample 
(No 35) has anomalously high contents of A1 203 and Ga (see Fig . 5.3). 
Absence of the data points for this sample leads to convergence of the two 
suite's new regression lines, for A1 203 and Ga at higher FeO* values. 
It is concluded, therefore, that the chemical data to date may 
not be inconsistent with the petrogenesis of the Murrumbucka Tonalite by 
remelting of the residue of the Clear Range Tonalite. 
B. Volatile content of Clear Range Suite Residue 
A criticism of the residue-melting model of Murrumbucka Tonalite 
magma genesis, is the scarcity of volatiles predicted to occur in such 
refractory mater ial, with which to generate a second silicate melt, at the 
relatively low temperatures for which restite-unmi xing (rather than crystal-
fractionation) is the dominant magma -evolving process, as suggested from 
field and chemical data (Prof. A.J.R. White, per's . comm . ) . A volitile 
component is expected in such a granite residue however, which may contain 
hydrous phases like biotite and cordierite (White & Chappell, 1977). 
Biotite may coexist with siliceous silicate melts, in appreciable amounts 
to temperatures of 'V 1000 above that of the beginning of melting (Winkler, 
1979), with its composition becoming progressively more magnesian and 
fluorine-rich with temperature. 
The tonalitic character of the (K20-poor) Clear Range granites, 
only part of which is due to metamorphism (see Chapter 3), and the occurrence 
of K-feldspar only as a disseminated, interstitial phase, if present at all 
(unlike the restite- K-felds par of the Ga p Granodiorite, see Fig. 2.6), is 
interpreted as indicating that the K20-containing mineral in Clear Range 
Suite residue was biotite rather than K-feldspar. Assuming all the normative 
orthoclase component of the model residue (analysis No 7, Table 6.1) to be in 
biotite, then the residue would contain 'V 4.4% hypersthene, 'V 18% biotite 
and therefore 'V 0. 7% of (H20 + HF). Applying these arguments to Murrumbucka 
Tonalite model-source (analysis No 6), yields a model-source assemblage 
containing 'V 3.7% hypersthene, 'V 21% biotite and hence 'V 0.8% of (H20 + HF) . 
By equating such a rock (containing only 'V 0.75% of polar, solvating 
volatiles) with the tonalite of Wyllie (1977, Fig. 11), a rough temperature-
estimate of > 9000 C is required to reach 'V 20 vol. % melting (an amount 
previously suggested as a threshold melt-fraction, leading to granite magma 
generation in the case of Gap Granodiorite petrogenesis). Even for the 
.... 
....JI. 
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Clear Range model source (analysis No 5), only 1% H20 is available, 
assuming a mica-saturated mineralogy. Temperatures approaching 9000C 
are therefore needed to produce 20 vol. % of melt (op. cit . ). Such 
t emperatures are probab ly outside the limits of regional metamorphism 
(Miyashiro, 1975; Winkler, 1979). Winkler (1979, p 319) considers that 
partial melting to the extent of granite-magma generation, using only that 
water contained in hydrous phases (as is proposed by Brown & Fyfe, 1970), is 
untenable. Likewise, it is concluded that, although both granite magmas 
were relatively hot, and were undoubtedly produced by vapour-absent partial 
melting, neither that of the Murrumbucka Tonalite nor that of the Clear 
Range Suite itself, were likely to have been generated from the above model-
residue and -source compositions if no free water was present ; either the 
presence of a pore fluid, or the introduction of water from some external 
source (as is postulated for generation of Gap Granodiorite magma in 
Chapter 3), is considered necessary in both cases. 
The usual occurrence of hornblende in Murrumbucka Tonalite is as 
sub-centrimetric micro-xeno liths which in the more mafic samples usually 
have cores of either cummingtonite (analyses 6, 7 and 8 of Table E-l) or 
actinolite (analysis 24 of Table E-l). Biotite always sheaths such 
amphibole microxenoliths . These textures suggest that a two-pyroxene mafic 
mineralogy predated the present hydrous phase mafic mineralogy, lending 
petrographic support to geological and chemical evidence for the Murrumbucka 
Tonalite magma having been hotter and dryer than that of the Clear Range 
Suite, as would be expected from the residue-remelting petrogenesis model 
of the Murrumbucka Tonalite. 
6.5 Discussion 
It is noted that the chemical data (Chappell, in pr ep .) of the 5 
easternmost samples of the S-type Cootralantra pluton-composite (Berridale 
Batholith), consistently form variation diagram trends (lines numbered "6" 
on Fig. 6.1) which have "I-S"-type features. Thus: 
(a) the trends to be well defined, despite the small number of samples, 
in contrast to the highly scattered data from the Clear Range - resembling, 
western Cootralantra Granodiorite, 
(b) Na 20 is very low whilst CaO, MgO and Cr contents of the mafic end 
of the trends, are all high. Its magma may also have formed from the 
partial melting of an S-type granite residue . 
..... 
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The presence of a significan t mantle-derived component in the 
source of the Murrumbucka Tonalite (i.e., discrimination between the latter 
two petrogenetic models described), is thought to be resolvable using Rb-Sr 
isotope techniques. 87 A significantly lower 86sr initial ratio for the 
Sr 
Murrumbucka Tonalite than that for the Clear Range Tonalite would both indicate 
87 
the presence of a mantle-derived (low 86sr valued) component in the former 
Sr 
granite's source and also rule out petrogenesis involving remelting of the 
Clear Range Suite residue. The latter conclusion holds since, for the two 
suites to be consanguineous, their emplacement age 
87Sr cannot have diverged significantly from the ~
Sr 
87 
(initial) 86sr ratios 
Sr 
of their common source, 
since existing isotopic data suggests that they were emplaced within ~ 29 my . 
of each other. Reinterpretation of the Rb-Sr isotopic data of Roddick & 
Compston (1977) yields an emplacement age estimate for the Clear Range Pluton 
of 417 ± 13 my. (see Fig. 3.6) and an initial ratio of 0.7127 ± 0.0015 . 
These two parameters for the Murrumbucka Tonalite however, must be deduced 
from the isotopic measurements of a single sample (op . cit .) assuming an 
emplacement age for this pluton. A younger limit to the latter is given. by 
the K-Ar amphibole age of Tetley (1978) for the mineral separate from sample 
No 25 (composition in Table 5.9). An initial ratio of 0.7109 ± 0.0004 at 
404.1 ± 3.5 my. is indicated. Though these two initial ratios overlap 
within their error limits, these isotopic data are considered insufficient 
to discriminate between the two petrogenetic models for the Murrumbucka 
Tonalite. 
Though no volcanic rocks are known which could be cogenetic with 
the Murrumbucka Tonalite, it is considered that this granite, more than 
most others in the region, could have volcanic equivalents. A positive 
correlation between FeO* and both Th and the LREE's is also known for the 
Laidlaw Volca~ics (R. Johnston, per comm . ) . Both the Murrumbucka 
Tonalite and Laidlaw volcanic magmas are considered therefore to have been 
either hot enough and/or CO2-rich enough to have partitioned these elements 
into their respective melt components. 
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CHAPTER 7 
CON C L U S ION S 
The following is a summary of the conclusions reached in this 
study. 
1. The map-area is a meridionally elongate (~ 11 x 2e km ) tract, 
largely containing gneisses of sedimentary and igneous origin. It 
encompasses the southern end of the Clear Range and is termed the 
Murrumbucka region. 
2. Lithological units have been divided into 6 groups: 
(1) Upper Ordovician flysch metasediments, 
(2) Siluro-Devonian granites (the Clear Range, Murrumbucka 
and 500 Acre granites), 
(3) Siluro-Devonian high-level intrusive amphibolites, 
(4) Late-Silurian volcanoclastics (the Bransby Beds and 
the Colinton Volcanics), 
(5) Cainozoic alkali basalt, 
(6) Probable Cainozoic perched lacustrine sediments. 
3. Upper-Ordovician quartz-rich flysch country-rock occurs in 
2 separate zones: 
(a) A Western Zone of low- (biotite ) to high- (cordierite + K- feZdspar ) 
grade metasediments forming a continuous tract along the western side of 
the map-area, the metamorphic grade of which increases towards the contact 
with Clear Range Tonalite, and 
(b) An Eastern Zone of high-grade metasediments occurring as discrete, 
thin, steeply dipping sheets in the north which coelesce towards the south 
to form a convolute roof-zone over the Clear Range Pluton. 
4. Small ( ~ 25 m2) localized areas of cordierite-bearing granite 
(termed Gap Granodiorite) within the eastern zone gneisses, are considered 
to have formed by in situ ultrametamorphism of the least refractory 
metasediment. 
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5. Slatey Cleavage (Sl) development in the western zone metasediments 
is in part contemporaneous with Sf foliation development in the eastern 
zone and in the intruded Group-2 granites. 
6. Eastern zone metasediments have been open-system metamorphosed, 
with, 
(a) metasediments close to the Clear Range Tonalite gaining CaO, Na
2
0, 
Sr, Mn, V and Zn from the latter rock-type and losing K
2
0, 
(b) metasediments farther ( >~ 50m.) from the tonalite gaining H
2
0 and 
7. Gap Granodiorite is chemically and mineralogically indistinguish-
able from Cooma Granodiorite. Both granites are grouped into the Cooma 
Suite. They have a narrow range in chemical composition, similar to an 
estimate of the mean Upper-Ordovician flysch for all components except CaO, 
Na 20, Sr, and Mn, which are all enriched in the granite relative to the 
metasediment mean. These chemical data indicate that Cooma Suite granite 
is not simply ultrametamorphosed mean Upper Ordovician flysch and they 
suggest that: 
(a) Na20 + CaD-containing melt was added to metasediment of a select 
composition range to produce Cooma Suite granite magma , and 
(b) the magma's melt contained essentially only KNCASH major-element 
chemical components. 
8. A simple looped path in PT - PH ° -T space, is deduced for 2 
metamorphism in the eastern zone with peak conditions estimated at ~6850C 
and PT = 3.75 kb. for aH20 = 0.5. 
9. The limited PT-path for the western zone, cannot be distinguished 
using Fig. 3.1, from part of the path deduced for the eastern zone. 
10. All metamorphism has the appearance of contact-type metamorphism 
and is thought could have occurred in response to intrusion, solidification 
and cooling of the Clear Range Pluton, probably also at the peak of a 
regional metamorphic event. 
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11. An analysis of a crystal lithic dacitic tuff from the Late 
Silurian Bransby beds shows it to be chemically similar to the Laidlaw 
volcanics, rv 60 km. further north. 
12. Metamorphism of each granite-unit in the map-area involved 
reactions which consumed K-feldspar, indicating that (within bounds set by 
bulk chemistry) modal ratios of felsic phases can be changed by metamorphism . 
Part of the granite's tonalitic character is due to metamorphism . 
13. Linear chemical variation diagram data-trends and abundant xeno -
lithic and xenocrystic components for Group-2 granites, indicates that 
restite-unmixing was the dominant petrogenetic process operating; for 
aplites (e.g.: sample No 20, Table 5.2), crystal fractionation is thought 
to have been a significant petrogenetic process. 
14. The 500 Acre Granodiorite is a xenolith rv absent, felsic granite 
associated with numerous aplites and pegmatites. It is thought to have 
solidified from a water-rich magma and to have been derived from an Si0
2
-
rich source which contained low contents of magma-reducing C- or S-
compounds. 
15. The Clear Range Tonalite occurs as 3 mappable variants: 
(a) a metasomatized contact-variant adjacent to the country-rock, 
(b) a strained, unrecrystallized variant representing the bulk of 
the exposed unit and 
(c) a strongly-foliated, recrystallized variant which forms a contact-
metamorphic aureole to the intruded Murrumbucka Tonalite. 
16. Reassessment of published isotopic data in the light of an under-
standing of granite metamorphic features yields similar emplacement ages 
for the Clear Range and Cooma Plutons (417 ± 13 my. and 417 ± 4.7 my. 
respectively) . 
17. The Clear Range Tonalite has a cognate-xenolith suite consisting 
of biotite-rich S-type xenoliths, quartz xenoliths , calc-silicate xenoliths 
and small pseudomorphed xenocrysts. 
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18. The Clear Range Pluton is chemically zoned, being more mafic to 
the south and along its margins and more fel sic in the north and down its 
meridional axis. These data, together with field and petrological features 
are consistent with magma emplacement from below and to the north. 
19. Relative to a Bullenbalong (S-type) Suite model source, that of 
the Clear Range Suite contains less K20 and A1 203 and more CaO, MgO, Cr and 
Ni. These data are interpreted as indicating that the latter suite's source 
contained greater calcareous and (possibly) volcanic components and less 
pelitic component than the former suite's source. 
20. The melt and the source of the Clear Range Suite magma are 
considered to be marginally more mafic than those of other S-type, single 
partial-melting event granites, in the Lachlan Fold Belt . 
21. Though considered to have formed by vapour-absent partial-melting, 
the Clear Range Suite magma required water for its genesis, in excess of 
that which occurred in combined form in its source; either a pore-fluid or 
some externa l source of free water is invoked. 
22. Nearly all lithologies in the map-area are foliated and therefore 
bear the insignia of penetrative compressive deformation. 
23. Since early-formed, coarsely crystalline, random-textured units 
are frequently undeformed (e.g. Gap Granodiorite and metagabbro) , then strain 
is a significant function of rock mineralogy and texture; lack of strain is 
not synonymous with lack of applied stress. 
24. Sf foliation can be partly resolved into 2 sub-parallel foliations, 
each of which has an associated set of sub-parallel mylonitic shear-zones. 
Sf 
2 is the younger foliation and . is spatially most obvious in the Murrumbucka 
Tonalite and the latter's immediate environment where it modifies the Sf 
foliation and its associated early mylonitic shear'-zones. 1 
25. Sf and Sf foliations together describe a fan-structure with an 
1 2 , 
angular range in dip-angle of 450 in the north of the map -area (where the 
structure is 0.7 km. wide) to 85 0 in the south (where the structure is 6 km. 
wide). The feature i s bound on each side by a locus of low-dips, the 
eastern of which traces the Murrumbidgee Reverse-Fault; the western locus 
is in part traced by the Clear Fault. 
..... 
129. 
26. Both Sf foliations and thei r associated mylonitic shear-zones are 
considered to be products of pure-shear. 
27. Comparison of chemical analyses of two mylonitically sheared ,rocks 
(a Clear Range Tonalite and an amphibolite) with their unsheared equivalents 
reveals that these mylonite zones are colla ps e-structures in which '\, 12% of 
the rock's mass and volume were lost, presumably in solution form, during 
shearing. Mylonite development thus has characteristics si milar to those of 
solution-transfer cleavage and the former can be considered as the high-
grade analogue of the latter low-grade feature. 
28. Development of the Murrumbidgee Reverse-Fault is thought to be 
associated with that of the Sf foliation and the early mylonites, all of 
1 
which are considered to have formed in response to emplacement of the Clear 
Range Pluton. 
29. The Sf foliation is thought to have formed in response to emplace-
2 
ment of the Murrumbucka Tonalite. The foliation's distribution is thought 
to indicate the existence of structures conjugate to the Murrumbidgee Fault 
(of which the Clear Fault may be an example) occurring along the western 
locus of low-dips, diagonally crossing the map-area from north to south. 
30. The Murrumbucka region is thought to be a zone of pervasive shearing 
with a meridionally-a xised domal structure which developed in 2 stages: 
(a) the eastern side first, in response to emplacement of the Clear 
Range Pluton, and 
(b) the western side next, in response to emplacement of the 
Murrumbucka Tonalite. 
31. K-Ar dating by Tetley (1978) of hornblende and biotite separates 
(this study) from the Murrumbucka Tonalite yield ages inferring a slow mean 
cool ing rate ('\, 200 C my. -1), similar to that shown by Tetley for the Cooma 
region, but displaced to younger ages by '\, 8 my. 
32. Amphibolites occur as meta-dolerite dykes «2 km. long) or as pods 
('\, 10m. across) of meta-gabbro, i ntrudi ng Group-2 grani tes. They are 1 east 
abundant in the Murrumbucka Tonalite. Some contacts with the Clear Range 
Tonalite are interpreted as being synplutonic: 
granite magma, coexisted. 
i.e., that basic melt and 
J 
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33. Amphibolites may have been emplaced into dilationary structures 
produced either during intrusion of the Murrumbucka Tonalite and/or 
regional doming. 
34. The Murrumbucka Tonalite characteristically contains amphibole. 
It occurs as a narrow, elongate «3 x ~26 km .2) bifurcated pluton, varying 
from a xenolith-rich mafic variety at the ma rgins to an amphibole-poor 
variety along the axis of its western lobe. 
35. The Murrumbucka Tonalite's cognate xenolith suite consists of 
abundant hornblende-bearing xenoliths (which vary widely in composition and 
morphology), biotite-rich xenoliths, calc-silicate xenoliths, quartz 
xenoliths and rare pseudomorphed xenocrysts. All but t he first type occur 
also in the Clear Range Tonalite. 
36. Linear correlation coefficients, descriptive of chemical component 
interrelationships, are significantly higher for the Murrumbucka Tonalite 
than for the Clear Range Tonalite. 
37. Negative correlati ons between FeO* and both Th and LREE's in the 
Murrumbucka Tonalite indicate that the latter elements were partitioned 
largely into the magma's melt phase. 
38. The Murrumbucka Tonalite 's melt had decided non-minimum-melt 
chemical characteristics, consistent with the granite's abundance of calc-
silicate xenoliths, suggesting that the magma was relatively hot and 
probably CO2-rich. 
39. Mass-balance arguments shows that the Murrumbuc ka Tonalite cannot 
be produced by 2-component mi xing of Clear Range magma with anyone or 
combination of, the 9 amphibolites analysed from the map-area. 
40. Mass-balance arguments show that to produce Murrumbucka Tonalite 
from a sedimentary source containing a volcanic compliment, either the 
sediment or the volcanic component or both must have had a very low Na20 
content. 
41. The presence of 11.6 modal % hornblende can occur in Murrumbucka 
Tonalite which has 0.54% C.I.P.W. - normative corundum. 
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42. Clear Range Suite model resid ue is shown to have a chemical 
composition which is very similar to that of Murrumbucka Tonalite model 
source. 
43. Field, petrographic and chemical data is considered to be 
consistent with petrogenesis of the Murrumbucka Tonalite by partial melting 
of the residue left after the melting event which produced the Clear Range 
Tonalite magma, providing some water was added from some external source. 
r 
The Murrumbucka IS granite may therefore have been ulti mately derived from 
a sedimentary source despite its I-type characteristics. 
44. A Rb-Sr isotopic study of the Clear Range and Murrumbucka Tonalites 
should be capable of resolving both the existence of a significant mantle-
derived, mafic volcanic component in the source of the Murrumbuc ka Tonalite, 
and whether or not the two granites were consanguineous. 
132. 
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APPENDIX A 
ANALYTICAL METHODS 
Sample Preparation 
Spec i men s ('" 1 0 kg for roc ks, 1 es s for mos t xeno 1 iths) were 
trimmed of any weathered portions and any sawn surfaces were ground on a 
silicon carbide lap, washed and dried. After splitting and squashing 
(both using hydraulic WC-faced apparatus), the sample was coarsely ground 
in a. WC Siebtechnik swing-mill and a "' 300g. split was fine-ground for 3 
mi nutes. Some 50 g. of each sample (except for sample No 11) were ground 
in a chrome-steel mill for use in cobalt analysi s . 
Rock and Mineral-Separate Major - Element Analysis 
Major element abundances were determined by X-ray fluorescence 
spectrometry on triplicate glass discs, using the method of Norrish & 
Hutton (1969). Analytical conditions are given in Table A-I. Na
2
0 
was determined in duplicate, using an extensively modified Baird Atomic 
flame photometer, with Li as an internal standard. The method is 
similar to that described by Cooper (1963) for potassium. FeO was 
determined in duplicate, by dissolution and dichromate titration, as 
described by Peck (1964). Fe203 was determined by subtraction. H20 - is 
the percentage loss in weight after heating for 90 minutes at 1050C. 
H20 + and CO2 were measured by heating a weighed ", 0.5 g. sample for 30 
minutes in a tube-furnace at '" ~0500C in a stream of dry, CO2-free 
nitrogen. The H20 and CO2 were collected in microabsorption tubes 
containing P205 with pumice and soda asbestos, respectively. 
Most mineral major element analyses in Appendix F are means of 
from 2 to 10 analyses, made using the TPD electron microprobe of the 
Research School of Earth Sciences, A.N.U . Specimens were prepared as 
carbon-coated polished thin sections. Analytical conditions were: 
accelerating voltage 15 kV., beam current 3 nA ., beam diameter 2 ~m., 
counting period 100s at a total count-rate of "' 4000 cps. Up to 10 
elements were determined simultaneously. Application of instrumental and 
matrix corrections are summarized in Reed & Ware (1973). Computer programs 
of Ware (1973) and Whalen (unpubl.) were used for data reduction. Fe3+ 
Fe2+ 
ratios in biotites and amphiboles are assumed to be the same as those 
measured in mineral separate analyses (see Table 5.9 ). 
..J 
-A - 2 
Rock and Mineral Separate Trace-Element Analysis 
Duplicate analyses of pressed powder pellets were made using 
the X-ray fluorescence spectrometric methods of Norrish & Chappell (1977). 
Analytical conditions are given in Table A71. Element concentrations of 
Rb, Sr, Pb, Th, U, Zr, Nb and Y were calculated using direct measu~ement 
of the mass absorptions of Rb Ka and Sr Ka , after correcting counts per 
second values for detector dead-time, instrument drift and inter-element 
interference. Mass absorptions for other trace-elements were calculated 
using the major element analyses, by methods of Chappell (unpubl . manuscript) . 
For 2 samples (the mafic calc-silicate xenoliths, Nos 64 and 79), 
graphitic carbon was left as a shiny black surface residue, after sample 
dissolution during FeO and Na 20 determinations. The quantity of carbon was 
determined in triplicate, using a Leco Induction Furnace (R.S.E.S., A.N.U.), 
following the method outlined by Tabatabi & Bremner (1970), with ~0.5 g. 
samples which were acid-leached in porous pots for 24 hours. Pot blanks 
were also measured. The detection limit is 5 ppm. (E. Kiss, per s . comm.). 
Results obtained are: 
Sample No 
64 
79 
Graphitic Carbon (ppm) 
70 ± 5 
135 ± 5 
A - 3 
Table A-I 
SUMMARY OF ANALYTICAL COIIO ITI OIIS FOR X-RAY SPECTROMETRY 
~ ELEMENT ANAL YT ICAl X-RAY ANAL YSING COlLlIIATOR DETECTOR RELATIVE STD DEVIATION DETECTION LINE TYPE CRYSTAL ON BCR-I ON ~-I LIMIT 
oxide 30 
percentage s 
. Si02 K" Cr PE Coarse f. C 0.134 0.05 Ti02 Ka Cr llf(200) Coarse F .C 0.121 0.003 A1 203 Ka Cr PE Coarse F .C 0.240 0.03 fe 203 (total) ~ l,f(200) Coarse f .C 0.067 0.003 MilO Ka ~ l,f(200) Coa rse f .C 0.450 0.004 MgO K.. Cr TAP Coarse f. C 0.931 0.05 CaO Ka Cr Lif(200) Coarse f .C 0.096 0.001 
K20 K" Cr Lif(200) Coarse f .C 0.172 0.001 
P205 Ku Cr Ge Coa rse f .C 0.194 0.003 
parts per' 
million 
Ba lSI W llf(220) Coarse f .C 0.29 0.75 
Rb Mo l if(200) fine S.C 0.63 LI B 
Sr Ka 1·10 l,f(200) Coarse S.C O.IB 0.23 
Pb lS I Mo llF(200) Flne S.C 1.19 2.11 0.5 
Th l"1 Mo llf(200) Flne S. C 7.70 14.93 0.2 
la l Mo l1f(aO) Flne S.C 0.2 
Zr Ka W llF(200) Coarse S.C 0.49 0.86 
Nb 1«, W Lif(200) fine S.C 4.95 8.87 0.5 
Ka flo Li f(200) Coarse S.C 0.55 0.84 
La l OI l,f( 220) Coa rse F .C 1.65 3.88 
Ce LBI l,f (200) FIne F .C 3.09 7.98 
Nd la l l,f(220) Coarse f .C 4.14 8.27 
Ka W l1f (220) flne F .C 0.35 0.43 
Cr Ka llf(200) Fine F. C 2.29 0.72 
Ni Ka Au l 'f (200) Coarse S.C 11.10 0.99 0 . 5 
Cu Ka Au l,f(200) Coarse S .C 3.48 0.56 0.5 
Zn Ku Au l1f(200) Coarse S.C 0.46 0.45 
Ga Ka Mo Lff(200) Coa rse S.C I. 27 2.74 0 . 2 
Coarse collimator' 480 u f.C • Flow Counter 
fine coll imator • 160 u S.C, Scin t illa t ion Counter 
J 
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APPENDIX 8 
SAMPLE LOCATIONS 
Table 8-1 lists sample sites and their grid-references. The 
latter refers both to the 1:100,000 scale to pog raphic sheets (Nos 8725 
Cooma and 8726 Michelago) and the 1:20,000 scale field-map (Map 1) in 
this thesis. Except for numbers 44, 45 and 46, all samples are represented 
in thin-section . 
ana lysed . 
Samples 1 to 80 inclusive, have been chemically 
Rock-type codes are as follows: 
S~mbol 
1, 2, 4 
A 
C 
( i ) 
( i i ) 
( iii) 
M 
a 
b 
c 
f 
g 
h 
m 
p 
s 
t 
v 
x 
~ 
Explanation 
refer to lithological groups 
500 Acre Granodiorite 
Clear Range Tonalite 
contact variant 
unrecrystallized variant 
recrystallized variant 
Murrumbucka Tonalite 
amph i bo 1 ite 
biotite-rich 
calcareous 
felsic 
granite 
hornblende-bearing 
altered 
mafic 
aplite 
metasediment 
tuff 
lava 
xenol ith 
within 
Table B-1 
SAMPLE 
NUMBER 
GRID 
REFERENCE 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
911117 
832227 
835225 
845232 
905116 
845232 
855237 
874250 
878251 
878251 
878251 
879180 
901110 
883189 
874250 
892270 
855237 
906154 
906154 
913124 
884157 
875147 
888076 
888076 
874084 
902107 
904101 
906154 
906154 
906154 
876082 
864059 
906154 
862099 
864116 
867115 
887164 
887164 
910151 
867117 
897169 
904101 
907154 
904103 
904103 
904103 
904103 
904103 
904103 -
905103 
904103 
892115 
887165 
DESCRIPTION 
2A 
2Ch( i i) 
2C( i i) 
2C(i i) 
2M 
xtr2C (i i) 
2C( i i) 
2C( iii) 
2M 
xh ·2M 
xh~2M 
2f1 
xme~2C(i ) 
2M 
.h~2M 
19 
xtr2C( i i) 
2Ap 
2M 
2M 
2M 
19 
2M 
Is 
xh (core )~2M 
xfe-2M 
Is 
2Cl 
2C( i) 
2C( iii) 
xh··2M 
2M 
2M 
Is 
2Ap 
2M 
xh(rim)-2M 
2Cl 
xh~2M 
xh~2M 
xh~2M 
xh~2M 
xh-2M 
xh-2M 
xh-2M 
xh~2M 
xfe4 2M 
Is 
A.N.U. 
NUMBER 
41401 
41402 
41403 
41404 
41405 
41406 
41407 
41408 
41409 
41410 
41411 
41412 
41413 
41414 
41415 
41416 
41417 
41418 
41419 
41420 
41421 
41422 
41423 
41424 
41425 
414 26 
41427 
41428 
41429 
41430 
41431 
41432 
41433 
41434 
414 35 
41436 
41437 
41438 
41439 
41440 
41441 
41442 
41443 
41444 
41445 
41446 
41447 
41448 
41449 
41450 
41451 
41452 
41453 
SMIPLE 
NUflBER 
54 
.55 
56 
57 
5B 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
GRID 
REFERENCE 
911114 
897 169 
906 154 
B62099 
855093 
906154 
902107 
913124 
893101 
966030 
887142 
909060 
910060 
909061 
909061 
896128 
912059 
953276 
932112 
887142 
888145 
888145 
902102 
890 146 
890146 
902102 
902113 
844229 
867105 
824286 
853096 
852098 
895072 
894087 
894092 
894092 
893093 
893093 
895072 
909105 
851043 
899109 
904046 
887090 
893236 
887137 
927035 
891204 
910284 
898095 
879027 
927037 
878251 
DESCRIPTION 
xh ·211 
x I 5·2C (i) 
Is 
Is 
2A 
2C( iii) 
4v 
xme ·2M 
191 
19 
2Al 
19 
xfe~2C(i i i) 
2Cl 
4tl 
4t 
2tl 
2C( iii) 
2C( iii) 1 
2fI 
xb-·2C( iii) 
xb-·2C(iii) 
xme~2M 
Is 
2C( i i) 
2C( iii) 
Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 
2C( i) 
2C( i) 
2C( i) 
2111 
45 
2t11 
2Cl 
15 
2Ap 
4vl 
xh-2M 
B-2 
A.N.U. 
NUMBER 
41454 
41455 
41456 
41457 
41458 
41459 
41460 
41461 
41462 
41463 
41464 
41465 
41466 
41467 
41468 
41469 
41470 
41471 
41472 
41473 
41474 
41475 
41416 
41477 
41478 
41479 
41480 
41481 
41482 
41483 
41484 
41485 
41486 
4148] 
41488 
41489 
41490 
41491 
41492 
41493 
41494 
41495 
41496 
41497 
41498 
41499 
41500 
41501 
41502 
41503 
41504 
41505 
41506 
C - 1 
APPENDIX C 
SELECTED SAMPLE DENSITIES 
Rock and xenolith densities used in the construction of 
composition VB volume diagrams (Figs.: 4.6 and 5.6), were determined in 
duplicate, using a Penfield Beam Balance, weig hi ng the sample (~ 200g.) 
first in air and then in water. Measurements were corrected for the 
density of the water as a function of temperature (Wea st, 1975) and the 
weight of the string. In the determinations below, the greatest 
imprecision is ± 0.005 gcm-3 
Sam~le No Dens ity Precision 
18 2.915 
.003 
19 2.919 
.003 
27 2.857 
.001 
29 2. 858 
.003 
30 2.932 
.001 
36 2.796 
.003 
42 2. 851 
.002 
45 2.828 
.0005 
51 2. 846 
.003 
55 2.831 
.0005 
70 2.779 
.005 
74 2.760 
.001 
75 2.769 
.003 
jI 
APPENDIX 0 
MINERAL RADIOMETRIC AGES 
AND BLOCKING-TEMPERATURES 
0-1 
Table 0-1 gives radiometric mineral ages and isotope blocking 
temperatures obtained by Tetley (1978, 1979) on mineral separates from the 
Cooma Granodiorite and the Murrumbucka Tonalite used to derive mean cooling-
rates and emplacement age estimates (referenced in Chapters 3 and 4). 
Table 0-1 
Granite 
Cooma 
Granodiorite 
" 
" 
" 
" 
Murrumbucka 
Tonal ite 
" 
Sources: 
System 
K-Ar 
39A 40A r- r 
Rb-Sr 
K-Ar 
Rb-Sr 
K-Ar 
K-Ar 
K-Ar 
Mineral 
hb 
ms 
ms 
bi 
bi 
hb 
bi 
Age(my.) 
414.22 
408.2 2 
401. 32 
399.82 
398.82 
404.1 1 
393.01 
1 Tetley 1978 
2 Tetley 1979 
3 Tetley et aZ .~ in prep . 
8t(my.) 
1.3 
5.7 
3.6 
3.1 
2.5 
3.5 
2.5 
Temp(oC) 8T(oC) 
5303 30 
5003 50 
3503 50 
3203 30 
2803 20 
E - 1 
APPENDIX E 
MICROPROBE ANALYSES 
Table E-l consists of averaged microprobe analyses and cation 
proportions of biotite, epidote, cummingtonite, actinolite, hornblende and 
chrome-magnetite from some Group-2 granites. Ana lytical conditions and 
data reduction methods are given in Appendix A. Analyses are of the 
following minerals: 
Analysis 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 + 15} 
and 
16 + 21 
22 
23 
Description 
biotite from 500 Acre Tonalite, 
low-Fe-epidote within above biotite (see Fig. 3.4), 
another low-Fe-epidote within above biotite, 
co~e of biotite from Murrumbucka Tonalite, 
rim of biotite from Murrumbucka Tonalite, 
cummingtonite from Murrumbucka Tonalite, 
cummingtonite from Murrumbucka Tonalite (see Fig. 2.11), 
rim-cummingtonite (same grain as #7), adjacent to olive-green 
hornblende (see Fig. 2.11), 
larger-sized chrome-magnetites in cummingtonite, with octahedral 
form (see Fig. 2.11), 
smaller-sized chrome-magnetites in cummingtonite, with platelet-
form (see Fig. 2.11), 
two sets of averaged analyses depicting zoning from olive-green 
coloured hornblende adjacent to cummingtonite, to blue-green 
hornblende adjacent to biotite (see Fig. 2.11), 
biotite from another sample of Murrumbucka Tonalite, 
unusual MgO-rich, chrome-containing biotite occurring within an 
actinolite grain (analysis 24), itself rimmed by hornblende and 
then biotite (the latter having a composition very similar to 
that of analysis 22), 
24 actinolite at the core of an amphibole grain in the Murrumbucka 
Tonalite, 
25 hornblende adjacent to actinolite (analysis 24), in the Murrumbucka 
Tonalite. 
E - 2a 
Table E·l 
Analysis No 10 
Rock No. 
SlO2 34.31 37.23 37 .13 37.18 37.31 53.92 51.87 52.64 
T102 3.30 .08 .12 1.61 
1.67 0.95 0.41 .29 . 17 
AI 203 16.36 24.22 24.07 17.08 
16.99 1. 29 2.91 1. 24 1.45 1.18 
Fe203 2.26 12.52 12.60 1. 96 1. 96 
5.80 5.84 5.91 
Cr203 
0.16 13.78 5.A3 
V203 0.19 .04 
0.11 0.90 .55 
FeO 22.28 15.12 15.13 16.79 16.70 16.89 77 .87 92.28 
MnO .03 1. 20 1.11 1.08 0.37 
1- MgO 7.34 • 0.30 0.26 13.82 13.83 17.88 17.48 17.62 0.39 
i- CaO 
0.14 23.54 23.64 0.06 1.34 1. 26 1. 42 0.11 
Na 20 0.10 0.21 0 .16 
0.17 0.14 0.55 
KzO 10.00 0.11 0.04 9.22 9.14 0.17 0.30 
CI .25 0.21 0.15 0.04 0.14 
Tota I 96.42 98.00 98.00 96.39 96.39 98.47 98.47 98.47 95.16 100.0 1 
Cat ions 
Si 5.329 5.615 5.611 5.508 5.521 7.748 7.482 7.633 
Ti 0.385 .009 .010 0.179 0.186 0.103 0.045 .066 .037 
Al 2.996 4 .302 4.260 2.982 2.963 0.219 0.494 0.212 .515 .399 
Fe3• 0.264 0.707 0.728 0.218 0.218 0.636 0.634 0.645 11.855 14.081 
Cr 0.018 3.281 1. 321 
0.014 .040 0.008 0.217 .126 
Fe2t 2.894 1. 873 1.872 2.018 2.014 2.048 7.610 8.037 
Mn .030 0.146 0.136 0.133 0.094 
M9 1.699 .066 .052 3.051 3.049 3.829 3.757 3.807 0.175 
Ca 0.023 3.801 3.826 0.010 0.206 0.195 0.221 0 .036 
Na .031 0.060 0.046 0.047 0.039 0.155 
1. 982 .027 .009 1.742 1. 725 0.031 0.055 
To t al 15 .662 14.527 14.597 15.614 15.5U8 14.849 14 .806 14.978 24 24 
Total Anions 22 23 23 22 22 23 23 23 48 48 
Fe 65.0 24.82 1 25.04 1 40.7 40.7 40.9 41.3 41.4 20.82 2 8. J22 
re+M9 
No. Ana I yses 10 
Ta bl e_ E ~ I (conld .) 
Analnis tic 
ROf" ~ No, 
HnO 
51 
Ti 
Cr 
~In 
Hg 
Ca 
N, 
Total Ani ons 
r. 
rC t M9 
It 
'7 II 
0.81 
8.' 1 
4 .21 
0.09 
0.06 
I Z. \3 
O. JI 
12.91 
10 83 
0.7b 
O.H 
98.3 1 
b.01l9 
0.09) 
I" ) 
0.'61 
0.010 
0.00' 
1. 417 
0.0'3 
2.600 
1. 609 
0.2 1,\ 
0.063 
IS I I 
23 
40.9 
Z 
1 mo l l pi Sldc ite 
2 mo l \ chrOnl l t f:' 
12 \3 
'6.90 4 •. 91 
0.82 o 04 
8.43 8.61 
• . 26 3.13 
0 . 17 0. 11 
0.13 
12.11 12.71 
0.31 01' 
12.10 12.70 
10.93 11.01 
0.82 0.8\ 
0.70 0.3S 
9822 9u.2' 
6.819 •. BII 
0.090 0.092 
I.' IJ 1.483 
o . 69 0.388 
0.020 0.01) 
O.OOg 
I .80 1.\13 
0.03U 0.0'2 
2 768 2.n. 
1. II 3 1. 112 
0.2ll 0.23' 
0. 131 0.011 
IS.2L2 11.241 
Z3 2l 
' 1. ' 'I.Z 
2 Z 
14 II 1(, 17 18 
'7.10 '1.37 '7.0' 46.H8 45.72 
G.61 O. II 0.70 0.62 O. II 
H.9' 11.3 1 8 . I' 8.83 10.20 
4.32 ' .23 4. 18 ' . 21 '.28 
0. 12 0.10 O. I I 0.12 
O. II 0. 12 0.10 0.1 1 0.11 
Il.l2 12. 10 11.95 12.02 12.Z_ 
0.'1 0.37 o 31 0.28 O. II 
12 Il 11. ' 3 13 07 12 88 12 14 
10.'1 11.32 11. 0" It 18 11.2E 
0.9' 1.19 0.83 0.81 104 
O. J2 0.21 0.29 0.2. o 2' 
O.Od 0.01 0.09 
,S 32 98.31 90 31 9U.31 911. )2 
L.lll9 b .2L 6.iJ!>!i 6.8)' 6 687 
0.067 0.056 0.077 0.068 o 061 
I 131 1.9' 7 1.'67 I I 8 1.119 
0.'7) 0.461 0.41U 0.'62 0.'71 
0.01 ' 0.012 0.013 0.014 
0.011 0.008 0.007 O.OOd 0.008 
1. 100 I ' 78 1. '16 I 461 I.4JI 
O.O~6 0.04. 0.0'3 0.U31 0.0'1 
2.762 2. '30 2.839 2.798 2.646 
1.631 1. 772 1. 130 I 14b 1.765 
0 . 2Lb 0.331 0.2l5 0.240 0.29\ 
0.060 0.047 0.01' 0.0'8 0.041 
15.217 15.284 II.23J II 231 11.208 
23 2l 2J 23 Z) 
'1.7 ' 3.9 '0.3 'O.U '2 I 
2 Z 3 3 3 
19 20 21 
.3.30 43 74 .l.UI 
U.50 0.'2 0.42 
12.93 IZ.68 14.10 
•. 10 
'.'7 • 10 
0.13 0.1' 0.11 
o 12 o 12 0.12 
IZ '6 IZ.77 It.db 
0.30 0.31 0.28 
10.17 10.63 9.9' 
It 49 11. 38 11.33 
1.29 131 III 
0.2. 0.22 o.n 
0.10 0.11 0.12 
Q.i.34 9a )3 98.)' 
6.300 b.')6 6.31 1 
0.011 0.046 0.0'6 
2 2.6 2 200 2.'60 
0.'99 0.491 0.'96 
0.011 0.016 0.017 
0.009 0.006 0.008 
1.181 1.171 1.183 
0.037 ~.O'' 0.031 
2.32 1 2 311 2.180 
1.81. 1. 79' I 787 
0.369 0.37 ' 0.380 
0.049 0.041 0.049 
11.380 1\.317 11.316 
2l 23 23 
.7.3 41.0 '8 .8 
3 3 3 
IZ 
ll.b; 
2.88 
16.41 
Z.13 
0.17 
22.'6 
7.ll 
0. 18 
0 ' 0 
9.80 
% .47 
1.2'·1 
0.ll8 
3.026 
0.320 
0.013 
2.927 
1.191 
0.030 
O. II I 
1.9'6 
11.751 
22 
6 • . • 
4 
23 
12 
36.91 
1. 79 
11.77 
2.02 
0.1 ' 
16.60 
O. \3 
12. 40 
0.16 
0.2 1 
9.73 
96. ' 0 
1.112 
0 . 202 
2.192 
0.228 
0.064 
. 
2.081 
0.017 
2.771 
0.026 
0.06 1 
1.86. 
11.666 
22 
45.S 
3 
E - 2 
24 
12 
14.60 
1.24 
Z . 11 
0.16 
9.98 
o '4 
16.93 
12.61 
98. 11 
7.ln 
0 .208 
0.230 
0.018 
1.189 
0 .013 
3.194 
1.921 
14 .99. 
Z3 
28. 3 
3 
21 
IZ 
48.98 
0.31 
6 . 19 
2.17 
0. 33 
11.97 
0. 31 
Il." 
12.61 
0.16 
0. '3 
98. 11 
7. 128 
0.0)' 
1. III 
0.28 1 
0. 038 
1.417 
0. 0. 3 
2.9 11 
1. 966 
0. 1\8 
0.080 
15 .232 
2J 
37 .4 
I 
F - 1 
APPENDIX F 
MODES 
10 x 15 em rock-slabs were stained using K3Co(CN)6 and Amaranth, 
using the method of Norman (1974), which result s in K-feldspar being 
coloured yellow and plagioclase, epidote and cordierite being coloured pink; 
Quartz doesn't stain. Greater than 1800 equally spaced points were 
counted. Thin sections were point-counted in order to distinguish 
plagioclase, epidote and cordierite and to differentiate the other phases. 
For these, greater than 2000 equally spaced points were counted. The data 
are listed at Table F-1. 
Table F-1 
Qz Kfs 
Xeno liths 
13 11.3 
36 28.3 
Murrumbucka 
lona1ITe-
5 23.3 
9 31.2 
12 35.9 1.7 
14 32.6 1.4 
21 32.2 1.9 
22 34 .6 
23 29.3 3.0 
25 33 .6 0.9 
37 35.9 4. 5 
38 32.0 4.1 
41 29.1 
73 32.2 3.1 
76 27.2 
Clear Range 
Tonalite 
2 32.2 2.5 
3 32.3 0.7 
4 33.3 4.5 
7 33.3 4.5 
8 35.1 2.4 
34 29.3 2.9 
35 36.9 tr 
62 36.6 0.1 
74 31.1 
43 37.4 8.5 
70 29 .9 0.1 
75 28.7 
81 35.1 5.9 
82 36 .6 
500 Acre 
Granodiori te 
1 36.8 1.9 
20 33.8 39.0 
40 38.0 17.7 
61 30.1 20.0 
67 36.7 
Ga~ Granodiorite 
16 43.6 14.0 
24 51. 1 
60 49.0 
66 44.7 5.9 
68 42.3 tr 
65 30.1 
Am[!hibo1ites 
19 2.4 
30 2.9 
54 4.3 
59 3.3 
o epidote + all anite 
1 cont~ins 1.8% cumm ingtonite 
P1aQ Amoh Bi Ms Cord And o Ep' 
36.6 
38.2 
37 .3 14.01 23.4 0.1 
34.5 5.2 26.5 1.0 
30.3 2.0 27.7 1.5 
34.8 3.4 23.6 2.3 
36 .1 3.8 22.6 2.2 
37.3 3.2 23.3 0.4 
37.7 4.3 24.7 0.8 
34.6 4.6 24 . 3 0.9 
33.7 24.7 0.7 
36.2 2.5 23.2 0.8 
36.3 11.6 21.2 tr 
37.0 2.6 23.7 1.0 
39.2 10.32 22.5 
37.3 tr 23.9 2.0 
40.3 
31. 7 
29.7 
36.5 
31.0 
37.4 
34.5 27.6 0.4 
37 . 3 29.7 1.0 
34.5 
39.3 
37.2 
30.5 
37.3 
42.0 12.6 3.8 1.5 
25.6 
34.7 
30.4 9.2 0.3 1.3 
34.9 
14.7 15.0 8. 1 1.6 1.8 
10.1 16.9 13.3 
18.2 13.8 18.5 
20.0 19.5 3.1 3.2 3.4 
22.8 26.9 3.0 0.2 4.0 
30.4 
34.5 61. 53 0.2 
41.4 51.1 4 2.6 
42.9 45.95 0.6 
46.5 
2 contain s 3.2 :t cunvningtonite + actino 1 ite 
3 contains 7.0 % actinolite 
F - 2 
Sph Ap Op others 
52.1 
33.5 
0.3 1. 0 0.6 
0.1 0.2 0.5 0.8 
0.4 0.3 0.2 
0.4 0.5 0.5 0.5 
0.3 0.3 0.2 0.4 
0.1 0.4 0.7 
0.1 0.1 
0 .1 0.3 0. 1 0.6 
0.3 tr 0.2 
0.4 0.2 0.2 0.4 
tr 0.2 0.5 1.1 
0.2 0.1 0.1 
tr 0.1 0.3 0.4 
0.2 1.5 0.4 
26.8 
30.52 
32.5 
26.1 
36.8 
26.7 
0.2 0.1 0.5 
0.2 0.3 0.2 0.3 
19.6 
30.7 
34.1 
28.4 
26.1 
tr 0.6 0.8 
1.5 
8.9 
tr 0.1 0.6 
28.4 
tr 0.3 
0.2 0.3 0.1 
0.2 0.2 0.1 
0.1 0.1 
0.2 0.6 
0.2 0.7 0.4 0.1 
0.5 0.7 0.3 0.5 
1.5 2.6 2.2 
50.2 
4 contains 3.2% actino1 ite 
5 contains 10 % actinolite 
G - 1 
APPENDIX G 
GRANITE SUITE REGRESSION PERAMETERS 
Table G-1 lists the linear regression perameters used in the 
construction in Figs. 5.6 and 6.1 (chemical variation diagrams) and in the 
model analyses of Table 6.1. For each suite (or suite composite), m is 
the slope, y is the y-intercept and r2 is the linear correlation coefficient. 
The regressions are of standard analyses, not those recalculated on a 
volatile-free basis. 
NO of Samples 
Si02 
Ti02 
Al 203 
FeO ' 
HnO 
1~90 
CaO 
Na 20 
K20 
P20S 
Rb 
Sr 
Pb 
La 
Cr 
Ni 
Cu 
Zn 
Ga 
Sui te 
No of Samples 
S.02 
Ti02 
Al 203 
FeO ' 
~lnO 
~lgO 
CaO 
Na 20 
K20 
P205 
Rb 
Sr 
Pb 
La 
Cr 
Ni 
Cu 
Zn 
Ga 
Clea r Range 
29 
m y 
-2 . 6533 79.56 
0 . 0962 0.172 
0.4371 12.586 
1. 0000 0 
0.0057 0.051 
0.8251 -1.310 
1. 0526 -1. 602 
-0.2810 3. 354 
-0.6560 6.223 
-0.0009 0.139 
-29.576 294.8 
20.938 40.49 
-4.652 45.60 
9.200 -12.72 
27.2 15 - 27 . 96 
37.340 -97.33 
5 287 -0.64 
5.200 - 10.80 
15.809 0.96 
0.9862 12.47 
m 
-2.2051 
0. 1468 
0.3600 
1. 0000 
0.0053 
0.6643 
0.4697 
-0.204 
-0.322 
-0.0095 
10 
Y 
77.37 
-0.076 
12. 984 
o 
0.040 
-0.719 
1.091 
2.993 
4.778 
0. 159 
- J.6 .260 238.5 
13.611 112.9 
- 2.756 36.6 
6.6916 7.5 
21.082 -35.8 
13.512 -9.7 
4. 757 -5.1 
5.010 - 10.0 
13.965 6.6 
1. 063 12.6 
-0.92 
0.06 
0.70 
1.00 
0.20 
0.96 
0.87 
-0.83 
-0.85 
-0.04 
-0.73 
0.72 
-0.63 
0.58 
0.88 
0.92 
0.67 
0.49 
0.74 
0.69 
-0.89 
0.89 
0 . 57 
1. 00 
0.53 
0.88 
0.03 
-0.01 
-0.03 
-0.26 
-0 .67 
0.72 
-0.60 
0.61 
0.87 
0.68 
0.67 
0.04 
0. 86 
0.72 
Murrumbucka 
14 
m 
-2.W65 78.69 
0.0938 0.08 
0.3414 12.78 
1. 0000 0 
0.01343 0.007 
0.7365 -0.17 
0.7626 0 . 51 
-0.1894 2.82 
-0.303R 4.685 
0 .02U9 0.008 
-19.503 230.1 
16.081 87.27 
-2.7095 34.05 
-7.620 70.93 
27.786 -30 .81 
31.131 -2.99 
6.708 4.66 
4.821 -5.43 
12.242 10.79 
0.5681 13.78 
-0.97 
0.95 
0.88 
1.00 
0.80 
0.97 
0.86 
-0.94 
-0.85 
0.87 
-0.06 
0.77 
-0.79 
-0.57 
0.99 
0.07 
0.81 
0.81 
0.97 
0.79 
Shannons Flat & Dalqety 
m 
-2.4052 
0.1215 
0.2202 
1. 0000 
0.0096 
0.5606 
0.4634 
-0.2247 
-0.4365 
0.0244 
58 
Y 
77 .03 
0.053 
13.305 
o 
0.029 
-0.462 
1. 236 
3.1 25 
5.32 
0.029 
- 17 .22 1 252.5 
21. 41 8 80.8 
-2.204 34.0 
0.5 191 29. 7 
25.742 -18.2 
12 .075 - 12 .7 
1.799 3.2 
2.602 -2.7 
15.772 -2.4 
0.733 1 13.3 
2 
r 
-0.9b 
0.96 
0.51 
1.00 
0.62 
0.96 
0 . 73 
-0.85 
-0.81 
0.79 
-0.40 
0.64 
-0.43 
0.08 
0.97 
0.02 
0.56 
0.52 
0.87 
0.63 
Bullenbalong 
59 
m y 
-2.450 78.805 
0.146 -0.011 
0.543 12.137 
1. 0000 0 
0.0089 0.024 
0.6700 0 . 778 
0 . 3567 0. 87 
-0.2999 3.381 
-0.3362 5.0 18 
0.0214 0.054 
-13.807 233.3 
20.31 47.8 
-1.713 34.6 
3.102 19.1 
22.96 -1 9.1 
20.592 - 35.4 
7.194 -11.3 
5.623 -8.2 
18.184 -3 .5 
1.318 11.59 
-0.98 
0.97 
0.91 
1.00 
0.78 
0.97 
0.83 
-0 .89 
-0.00 
0.80 
-0.58 
0.85 
-0.25 
0.71 
0.98 
0.94 
0.95 
0.69 
0.80 
0.92 
Eastern Coo tralclntra 
m y 
-3.444 02.68 
0.0691 0.205 
0.3504 12 .31 
1. 0000 0 
0 .0163 -0 .001 
1.273 -2 .492 
1.4086 -3.153 
-0.0997 2.277 
-0.6434 6.066 
-0.0064 0. 143 
-21. 42 254.9 
27 .90 4 . 6 
-23.25 126 . 7 
-0.039 32.0 
38.13 -79.8 
81. 35 1 -223 .2 
13.131 -27 . 6 
- 13.878 79 .8 
16.723 -12 .8 
-0.006 15.6 
2 
r 
-0 .96 
0.88 
0.61 
1.00 
0.87 
0.95 
0.93 
-0 .83 
-0.99 
-0.21 
-0 . 73 
0 .96 
-0 . 94 
-0 . 01 
0 .99 
0 .92 
0.91 
-0.50 
0 . 92 
o 
APPENDIX H 
CALCULATION OF MODEL RESIDUE AND SOURCE-COMPONENT COMPOSITIONS 
(Table 6.1) 
H - 1 
The Clear Range Suite model resid ue compositions (Table 6.1, 
analyses Nos 7 and 8) were calculated using the restite-unmixing model of 
White & Chappell (1977), in which chemical-component mass-fractions of 
model source (analysis No 6, symbolized: S), model melt (analysis No 2, M) 
and model residue (R) are related as follows: 
where a = volume fraction of melt in magma 
Pl = density of liquid component of magma 
Ps mean density of solid component of magma. 
Therefore R = (
s - a (~) ~ 
1 - a (:: fJ 
Pl 
was assumed to be 0.9 (van der Molen & Anderson, 1979) . For Ps 
computation of analysis No 7, a was taken as 0.35; for analysis No 8, 
a = 0.55 . 
Hyperthetical mafic volcanic compositions were calculated for the 
2-component Murrumbucka Tonalite model sources in which each model source 
chemical-component mass-fraction (of analysis No 6; S) consists of a 
volcanic contribution (V) and a sedimentary contribution (D) which are 
related as follows: 
source. 
xV + (1 - x) 0 = S 
for x, an assumed fraction of volcanic material in the model 
The chemical-component mass-fractions in the volcanic material 
of the model source then, are: 
V = (S - (~ - x) ~. 
For analysis No 10, x was taken as 0.3 and D-values were from analysis No 5. 
For analysis No 12, x = 0.46 and D-values were from analysis No 15. 
I - 1 
APPENDIX I 
CALCULATION OF POTENTIAL KNCASH-COMPONENT MELT VOLUME-FRACTIONS IN COOMA 
SUITE GRANITE AND IN UPPER ORDOVICIAN QUARTZ-RICH METAFLYSCH 
From Table 6.1, analysis No 14, assuming 2 wt. % (H20 + CO2 + S), 
mean Cooma Suite granite contains: 
0.98 x 0.98 0.96 wt. % CaO 
and 1.47 x 0.98 = 1.44 wt. % Na 20. 
Since anorthite contains 20.6 wt. % CaO and albite contains 11.8% Na 20 (using 
molecular weight data of Deer et al ' J 1972) then assuming all CaO and Na 20 
are in plagioclase, the granite contains: 
~:~~6 = 4.66 wt. % normative An-component . 
and 6:118 = 12.20 wt. % normative Ab-component, 
th t . Ab t . . 2 62 so e norma 1ve An ra 10 1S . . 
Using analysis No 15 of Table 6.1, and the above approach, the 
resulting weight percentages of normative An and Ab and the normative ~~ 
ratio for mean Upper Ordovician quartz-rich metaflysch are 1.55 wt. %, 
5.68 wt. % and 3.66, respectively. 
Assuming all plagioclase is in the melt, i.e., that plagioclase is 
the melt-volume limiting phase and using the proportions of normative 
components in KNCASH-compositioned melt for P = 3.75 kb. (extrapolated from 
data of Winkler, 1979, p 296) then Cooma Suite granite model -melt, with 
t · Ab norma 1ve An = 2.62 has 1\., 22% normative Ab whereas mean metaflysch, with 
normative ~~ = 3.66 could have a melt containing 1\., 29 wt. % normative Ab. 
The weight percent of potential melt in the granite then, is 
wt. % Ab in rock 
wt. fro Ab in melt 
12.2 
= = G.22 55.3 wt. % 
Assuming a li~uid to solid density ratio of 0.9 (van der Molen & Anderson, 
1979) then the granite contains I\., 60 vol. % potential melt . 
The volume of potential melt in mean Upper Ordovician quartz-rich 
metaflysch is therefore: 


